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.89140 

.46870 

.88336 

.48405 

.87504 

.49924 

.86646 

3 

58 

•4378S 

•89905 

•45347 

.89127 

.46896 

.88322 

.48430 

.87490 

•4995° 

.86632 

2 

59 

.43811 

.89892 

•45373 

.89114 

.46921 

.88308 

.48456 

.87476 

•49975 

.86617 

1 

60 

•43837 

.89879 

•45399 
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•46947 

.88295 

.48481 
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Sine 
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Sine 
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Sine 

Cosine 
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.50000 

.86603 

.51504 

•85717 

.5949> 

.84805 

•54464 

.83867 

•55919 

.82904 

60 

I 

.50025 

.86588 

.51529 

.85702 

•530,7 

.84789 

•54488 

.83851 

•55943 

.82887 

59 

3 

.50050 

.86573 

•51554 

.85687 

•53041 

.84774 

•54513 

.83835 

.55968 

.82871 

58 

3 

.50076 

■86559 

•51579 

.85672 

.53066 

•84759 

■54537 

.83819 

•55992 

.82855 

57 

4 

.50101 

.86544 

.51604 

•85657 

•53°9i 

•84743 

•5456i 

.83804 

.56016 

.82839 

56 

5 

.50126 

.86530 

.51628 

.85642 

•  53"5 

.84728 

•54586 

.83788 

.56040 

.82822 

55 

6 

.50151 

.86515 

.51653 

.85627 

•  53Mo 

.84712 

.54610 

•83772 

.56064 

.82806 

54 

7 

.50176 

.86501 

.51678 

.85613 

•53164 

.84697 

•54635 

•83756 

.56088 

.82790 

53 

8 

.50201 

.86486 

•51703 

•85597 

•53189 

.84681 

•54659 

•83740 

.56112 

•82773 

52 

9 

.50227 

.86471 

.51728 

.85582 

•53214 

.84666 

•54683 

•83724 

.56136 

.82757 

51 

IO 

.50252 

.86457 

•51753 

•85567 

•53238 

.84650 

•547o8 

.83708 

.56160 

.82741 

50 

ii 

•5°277 

.86442 

.51778 

•85551 

•53263 

.84635 

•54732 

.83693 

.56184 

.82724 

49 

12 

.50302 

.86427 

.51803 

.85536 

.53288 

.84619 

•54756 

.83676 

.56208 

.82708 

48 

13 

•50327 

.86413 
.86398 

.51828 

.85521 

•53312 

.84604 

•5478i 

.83660 

.56232 

.82692 

47 

14 

•50352 

.51852 

.85506 

•53337 

.84588 

•54805 

.83645 

.56256 

.82675 

46 

IS 

•50377 

.86384 

.51877 

.85491 

•53361 

•84573 

.54829 

.83629 

. 56280 

.82659 

45 

16 

•50403 

.86369 

.51903 

.85476 

•53386 

.84557 

•54854 

.83613 

.56305 

.82643 

44 

17 

.50428 

.86354 

.51927 

85461 

•534i 1 

.84542 

.54878 

•83597 

•56329 

.82626 

43 

18 

•50453 

.86340 

•51952 

.85446 

•53435 

.84526 

.54902 

.83581 

•56353 

.82610 

42 

19 

.50478 

.86325 

•5'977 

•85431 

.53460 

.84511 

•  54927 

•8356s 

•56377 

•82593 

41 

30 

.50503 

.86310 

.52002 

.85416 

•53484 

•84495 

•54951 

•83549 

.50401 

•82577 

40 

21 

.50528 

.86295 

.52026 

.85401 

•53509 

.84480 

•54975 

•83533 

•S6425 

.82561 

39 

22 

•50553 

.86281 

.52051 

•85385 

•53534 

. 84464 

•54999 

•83517 

.56449 

.82544 

38 

23 

•50578 

.86266 

. 52076 

.85370 

•53558 

.84448 

•55024 

.83501 

•56473 

.82528 

37 

24 

.50603 

.86251 

.52101 

.85355 

•53583 

•84433 

.55048 

.83485 

•56497 

.82511 

36 

25 

.50628 

.86237 

.52126 

■85340 

•53607 

.84417 

•55072 

.83469 

.56521 

•82495 

35 

26 

•50654 

.86222 

.52151 

.85325 

•53632 

. 84402 

•55097 

•83453 

•  56545 

.82478 

34 

27 

•50679 

.86207 

•52175 

.85310 

•53656 

.84386 

.55121 

■83437 

•56569 

.82462 

33 

28 

.50704 

.86192 

.52200 

.85294 

•53681 

•84370 

•55145 

.83421 

•56593 

. 82446 

32 

29 

•50729 

.86178 

.52225 

•85279 

•53705 

•84355 

•55169 

.83405 

.56617 

.  82429 

31 

3° 

•50754 

.86163 

.52250 

.85264 

•53730 

•84339 

•55194 

•83389 

.56641 

.82413 

30 

31 

•50779 

.86148 

•52275 

.85249 

•53754 

.84324 

.55218 

•83373 

.56665 

.82396 
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32 

•50804 

.86133 

•52209 

•85234 

•53779 

.84308 

•55242 

.83356 

.56689 

.82380 
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33 

.50829 

.86119 

•52324 

.85218 

.53804 
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. 55266 

•83340 

•56713 

.82363 
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34 

•50854 
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•52349 
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•82347 
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.86089 

•52374 
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•82330 
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■85173 
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.84245 

•55339 

■83292 

.56784 

.82314 

24 

37 

•50929 

.86059 

•52423 

•85157 

•53902 

.84230 

•55363 

.83276 

.56808 

.82297 

23 

38 

•50954 

.86045 

.52448 
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.84214 
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.83260 
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•50979 
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•52473 
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•83244 
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.52522 
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.83212 

.56904 

.82231 
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•52547 
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•52572 
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•54049 
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•52597 
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•  54073 
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•56976 

.82181 

16 

45 

.51129 
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.85926 

.52646 
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.84088 
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.83131 
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.85911 

.52671 
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•83115 
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.84989 
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.51229 

.85881 
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•84974 
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•52745 
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.83050 
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•51304 
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.83034 
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•51329 

.85821 
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.84913 
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83978 
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.83017 
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7 

54 

•51354 
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•52844 

.84897 

•54317 

.83962 

•55775 
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.82015 
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.82985 
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•85777 
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.84866 
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.83930 

.55823 

.82969 
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57 

.51429 
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.52918 

.84851 

•54391 
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•82953 
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•52943 
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•58779 
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.61566 

.78801 

.62932 

•777>5 
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•57381 

.81899 

.58802 

.80885 
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.61589 

.78783 

•62955 

.77696 
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•57405 

.81882 

.58826 

.80867 

.60228 

•79829 

.61612 

.78765 

•62977 

.77678 

58 

3 

•57429 

.81865 

.58849 

.80850 

.60251 

.79811 

.61635 

•78747 
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.77660 

57 
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•57453 

.81848 

.58873 

.80833 

.60274 

•79793 

.61658 

.78729 

.•63022 

.77641 
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5 

•57477 

.81832 

.58896 

.80816 

.60298 

•79776 

.61681 

.78711 
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.77623 

55 

6 

•575°' 

.81815 

. 58920 

.80799 

.60321 

•79758 

.61704 

.78694 

.63068 

•77605 
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•57524 

.81798 

•58943 

.80782 

•60344 

•7974' 

.61726 

.78676 
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.77586 
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•57548 

.81782 

.58967 

.80765 

.60367 

•79723 
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.78658 
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.77568 
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•57572 

.81765 
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•61795 
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.81731 

•59037 
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•57643 

.81714 

.59061 

.80696 
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•79653 

.61841 

.78586 

.63203 

•77494 
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.81698 

.59084 

.80679 

.60483 

•79635 

.61864 

.78568 
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•77476 
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•57691 

.81681 

.59108 

.80662 
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.79618 

.61887 

•78550 
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•77458 

46 
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•577J5 

.81664 

•59'3l 

.80644 
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.79600 

.61909 

•78532 

.63271 

•77439 
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■57738 

.81647 

•59154 

.80627 

•60553 

•79583 

.61932 

.78514 

•63293 

.77421 
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•57762 
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•59178 

.80610 
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■79565 
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•78496 

•63316 

•77402 
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.81614 

.59201 

•80593 
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. 62046 
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•77329 
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.81513 
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.81496 
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■59482 
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•81395 

•595o6 
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.62274 
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.81361 

•59552 
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.62320 

.78206 

•63675 
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.58165 

•81344 

•59576 
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.60968 
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. 62342 

.78188 
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.77088 
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.■S1327 

•59599 
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.62365 
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.58212 

.81310 
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.62388 
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.58236 

.81293 
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.59786 
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.78025 
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.58401 

.81174 

.59809 
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•58425 
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.79968 

.61429 

.78908 

. 62796 

.77824 

.64145 

.76717 

6 

55 

.58661 

.80987 

.60065 

•79951 

.61451 

.78891 

.62819 

.77806 

.64167 

.76698 

5 

56 

.58684 

.80970 

.60089 

•79934 

.61474 

.78873 

.62842 

•77788 

.64190 

. 76679 

4 

57 

.58708 

.80953 

.60112 

.79916 

•61497 

•78855 

.62864 

.77769 

.64212 

.76661 

3 

58 

•58731 

.80936 

.60135 

.79899 

.61520 

.78837 

.62887 

•77751 

.64234 

.76642 

a 

59 

•58755 

.80919 

.60158 

.79881 

•61543 

.78819 

.62909 

•77733 

.64256 

.76623 

1 

60 

•58779 

■  80902 

.foils 

.79864 

.61566 

.78801 

.62932 

•77715 

.64279 

.76604 

0 

1 

Cosine 

Sine 

Cosine 

Sine 

Cosine 

Sine 

Cosine 

Sine 

Cosine 

Sine 

f 

54 

0 

53 

0 

52 

0 

5 

1° 

5< 

>° 

Natural  Sines  and  Cosines. 


31 


I — 

1 

40° 

4 

r° 

4 

2° 

43 

0 

44 

0 

f 

Sine 

Cosine 

Sine 

Cosine 

Sine 

Cosine 

Sine 

Cosine 

Sine 

Cosine 

o 

.64279 

.76604 

.65606 

•75471 

."■    .1  ; 

•743M 

.68200 

•73*33 

.69466 

•7«934 

60 

X 

.64301 
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53 

8 

.27044 

3.69761 

.28927 

3-45703 

.30828 

3-24383 

.32749 

3-05349 

•34693 

2.88240 

52 
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3-69335 

.28958 
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3.24049 

.32782 
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•34726 
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3.68909 

.28990 
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3-23714 

.32814 

3.04749 
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3.68485 

.29021 
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.30923 

3.23381 

.32846 

3.04450 

•34791 

2.87430 
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.27169 

3.68061 

•29053 

3.44202 

.30955 

3.23048 

.32878 
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.34824 

2.87161 
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.27201 

3.67638 
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3.43829 

.30987 

3.22715 
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3-03854 

.34856 

2.86892 
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.27232 

3.67217 
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3-43456 
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.34889 

2.86624 
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.29147 
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.32975 
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.29179 
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.40707 
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2.33881 
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2.33693 

•44872 
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2.45246 
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49 
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2.71792 
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.40809 
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•44942 

2.22510 
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2.71548 
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2.57593 

.40843 
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•42894 

2.33130 

•44977 

2.22337 
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2.71305 

•38854 

2.57371 

.40877 

2.44636 

•42929 

2.32943 

.45012 

2.22164 

46 

15 

.36892 

2.71062 

.38888 

2.57150 

.40911 

2-44433 

.42963 

2.32756 

•45047 

2.21992 

45 

16 

.36925 

2.70819 

.38921 

2.56928 

•40945 

2.44230 

•42998 

2.32570 

.45082 

2.21810 

44 

17 

•36958 

2.70577 

.38955 

2.56707 

.40979 

2.44027 

•43032 

2.32383 

•45"7 

2.21647 

43 

18 

.36991 

2.70335 

.38988 

2.56487 

.41013 

2.43825 

•43067 

2.32197 

•45152 

2.21475 

42 

'9 

.37024 

2.70094 

.39022 

2.56266 

.41047 

2.43623 

.43101 

2.32012 

.45187 

2.21304 

41 

ao 

•37057 

2.69853 

•39055 

2.56046 

.41081 

2.43422 

•43»36 

2.31826 

.45222 

2.21132 

40 

21 

.37090 

2.69612 

•39089 

2.55827 

.41115 

2.43220 

.43170 

2.31641 

•45257 

2.20961 

39 

22 

•37>23 

2.69371 

.39122 

2.55608 

.41149 

2.43019 

.43205 

2.31456 

•45292 

2.20790 
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23 

•37157 

2.69131 

•39156 

2-55389 

.41183 

2.42819 

.43230 

2.3127I 

•45327 

2.20619 

37 

24 

.37190 

2.68892 

.39190 

2.55170 

.41217 

2.42618 

•43274 

2.31086 

.45362 

2.20449 
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25 

•37223 

2.68653 
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2.54952 

.41251 

2.42418 

•433o8 

2.30902 

•45397 
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2.68414 
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2.54734 
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•43343 
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34 

27 
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•43378 
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2.30351 

•45502 

2.19769 
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2.53648 

•4M55 

2.41223 
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•37455 

2.66989 

•39458 
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•43550 

2.29619 

•45643 
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2.53217 
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•43585 
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27 
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2.20254 
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36 
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2.17582 

19 
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2.51289 

.41831 

2.39058 

.43897 

2.27806 

•45995 

2.17416 

18 

43 
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2.64410 

.39829 

2.51076 

.41865 

2.38863 

•43932 

2.27626 

.46030 

2.17249 
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.39862 

2.50864 

.41899 
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•43966 
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.46065 

2.17083 
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•37887 
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•39896 
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2.63714 
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2.63483 
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.42002 

2.38084 

.44071 

2.26909 
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2.16585 
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48 

•37986 

2.63252 

•39997 

2.50018 

.42036 

2.37891 

.44105 

2 . 26730 

.46206 

2.16420 

12 

49 

.38020 

2.63021 

.40031 

2.49807 

.42070 

2.37697 

.44140 

2.26552 

.46242 
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2-49597 
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•44244 

2.26018 

.46348 

2.15760 

8 

53 
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.51246 

I-95137 

•53470 

1. 87021 

•55736 

1. 79419 

52 

9 

.46950 

2.12993 

.49098 

2.03675 

.51283 

1.94997 

•53507 

1. 86891 

•55774 

1 . 79296 

5i 

IO 

.46985 

2.12832 

•49134 

2.03526 

•5'3i9 

1.94858 

•53545 

1.S6760 

•55812 

i-79i74 

50 

ii 

.47021 

2. 1 267 1 

.49170 

2.03376 

•51356 

1. 94718 

•53582 

1.86630 

•55850 

1. 79051 

49 

12 

.47056 

2. 12511 

.49206 

2.03227 

•51393 

1.94579 

.53620 

1 .86499 

.55888 

1.78929 

48 

13 

.47092 

2.12350 

.49242 

2.03078 

•5143° 

1.94440 

•53657 

1.86369 

•  55926 

1.78807 

47 

14 

.47128 

2.12190 

.49278 

2.02929 

•51467 

1.94301 

•55694 

1.86239 

.55964 

1.78685 

46 

IS 

•47163 

2.12033 

•493*5 

2.02780 

•51503 

1. 94162 

•53732 

1. 86109 

.56003 

1.78563 

45 

16 

.47199 

2.11871 

•49351 

2.02631 

•51540 

1.94023 

•53769 

1.85979 

•56041 

1.78441 

44  | 

17 

•47234 

2.11711 

•49387 

2  02483 

•51577 

1.93885 

•53807 

1.85850 

•56079 

1. 78319 

43  I 

18 

.47270 

2. "552 

.49423 

2.02335 

.51614 

1.93746 

•53844 

1.85720 

.56117 

1. 78 198 

42 

'9 

•473°5 

2. I I 392 

•49459 

2.02187 

•51651 

1.93608 

.53882 

1. 85591 

.56156 

1.78077 

41 

20 

•47341 

2. I I233 

•49495 

2.02039 

.51688 

1.93470 

.53920 

1.85*62 

•56i94 

1-77955 

40 

21 

•47377 

2. I IO75 

•49532 

2.01891 

.51724 

I-93332 

•53957 

1-85333 

.56232 

I-77834 

39 

22 

•474«2 

2.I0916 

.49568 

2.01743 

.51761 

I-93195 

•53995 

1.85204 

.56270 

1-77713 

38 

»3 

.47448 

2.IO758 

.49604 

2.01596 

.51798 

I-93057 

•54032 

1.85075 

.56309 

I-77592 

37 

34 

•47483 

2.I060O 

.49640 

2.01449 

.51835 

1.92920 

.54070 

1.8494G 

•56347 

I-7747I 

36 

■S 

•47519 

2.IO442 

.49677 

2.01302 

.51872 

1.92782 

•54i°7 

1. 84818 

.56385 

1-77351 

35 

26 

•47555 

2 . IO284 

•49713 

2.01155 

•51909 

1.92645 

•54M5 

1.84689 

.56424 

1.77230 

34 

27 

•47593 

2.IOI26 

•49749 

2.01008 

•51946 

1.92508 

•54183 

1. 84561 

•  56462 

1.77110 

33 

28 

. 47626 

2.09969 

.49786 

2.00862 

•51983 

1. 92371 

.54220 

1.84433 

.56501 

1.76990 

32 

29 

.47662 

2.O981I 

.49822 

2.00715 

.52020 

1.92235 

•54258 

1.84305 

•56539 

1.76869 

31 

30 

•47698 

2.O9654 

.49858 

2.00569 

•52057 

1.92098 

•54296 

1. 84177 

•56577 

1.76749 

30 

31 

■47733 

2.09498 

•49894 

2.00423 

.52094 

1. 91962 

•54333 

1.84049 

.56616 

1 . 76629 

29 

32 

.47769 

2.O934I 

•49931 

2.00277 

•52131 

1. 91826 

•54371 

1.83922 

•56654 

1 .76510 

28 

33 

•47805 

2.09184 

.49967 

2.00131 

.52168, 

1 .91690 

.54409 

1.83794 

•56693 

1.76390 

27 

34 

.47840 

2.09028 

.50004 

1.99986 

.52205 

1-91554 

.54446 

1.83667 

•56731 

1. 7627 1 

26 

35 

.47876 

2.08872 

.50040 

1. 9984 1 

.52242 

1. 91418 

•54484 

1.83540 

.56769 

1. 76151 

25 

36 

.47912 

2.08716 

.50076 

1.99695 

•52279 

1. 91282 

•54522 

1. 83413 

.56808 

1.76032 

24 

37 

■47948 

2.08560 

.50:13 

i-9955o 

•52316 

i-9ii47 

•5456o 

1.83286 

.56846 

1-73913 

23 

38 

•47984 

2.08405 

.50149 

1.99406 

•52353 

1. 91012 

•54597 

1-83159 

.56885 

1-75794 

22 

39 

.48019 

2.08250 

.50185 

1. 99261 

•52390 

1.90876 

•54635 

1.83033 

•56923 

I-75675 

21 

40 

•48055 

2.08094 

. 50222 

1. 99116 

.52427 

1. 90741 

•54673 

1.82906 

.56962 

I-75556 

20 

4' 

.48091 

2.07939 

.50258 

1.98972 

.52464 

1.90607 

•547" 

1.82780 

.57000 

1-75437 

»9 

42 

.48127 

2.07785 

.50295 

1.98828 

.52501 

1.90472 

•54748 

1.82654 

•57039 

I-75319 

•18 

43 

.48163 

2 . O763O 

•50331 

1.98684 

.52538 

1.90337 

.54786 

1.82528 

.57078 

1 . 75200 

17 

44 

.48198 

2.07476 

.50368 

1.98540 

.52575 

1.90203 

•54824 

1 . 82402 

.57116 

1 . 75082 

16 

45 

.48234 

2.O732I 

.50404 

1.98396 

•52613 

1.90069 

.54862 

1 .82276 

.57155 

1.74964 

15 

46 

.48270 

2.07167 

.50441 

1.98253 

.52650 

1.89935 

.54900 

1.82150 

•57193 

1.74846 

14 

47 

.48306 

2.07OI4 

•50477 

1. 981 10 

.52687 

1. 89801 

•54938 

1.82025 

.57232 

1.74728 

13 

48 

•48342 

2.06860 

.50514 

1.97966 

.52724 

1.89667 

•54975 

1. 81899 

•57271 

1.74610 

12 

49 

.48378 

2.06706 

•50550 

1.97823 

.52761 

I.89533 

•55013 

1. 81774 

.57309 

1.74492 

11 

5° 

.48414 

2.06553 

.50587 

1. 9768 1 

•52798 

1 . 89400 

•55051 

1. 81649 

.57348 

1-74375 

10 

5i 

.48450 

2.064OO 

.50623 

1-97538 

.52836 

1.89266 

•55089 

1. 81524 

.57386 

1-74257 

9 

52 

.48486 

2.06247 

.50660 

1-97395 

•52873 

1  89133 

•55127 

1. 81399 

•57425 

1.74140 

8 

53 

.48521 

2.06094 

.50696 

1-97253 

.52910 

1.89000 

•55165 

1. 81274 

•57464 

1 . 74022 

7 

54 

•48557 

2.O5942 

.50733 

1.97m 

•52947 

1.88867 

•55203 

1.81150 

•57503 

1-73905 

6 

55 

.48593 

2.O579O 

.50769 

1.96969 

•52985 

1.88734 

•55241 

1. 81025 

•57541 

1.73788 

5 

56 

.48629 

2.05637 

.50806 

1.96827 

.53022 

1.88602 

•55279 

1. 80901 

•5758o 

1-73671 

4 

57 

.48665 

2.O5485 

•  50843 

1.96685 

•53059 

1.88469 

•55317 

1.80777 

•57619 

1-73555 

3 

58 

.48701 

2.O5333 

.50879 

1.96544 

•  53096 

1.88337 

•55355 

1.80653 

•57657 

I-73438 

2 

59 

.48737 

2.05182 

.50916 

1 . 96402 

•53134 

1.88205 

•55393 

1.80529 

•57696 

1. 73321 

1 

60 

•48773 

2.O503O 

•5°953 

1. 96261 

•53171 

1.88073 

•55431 

1.80405 

•57735 

1.73205 

0 

/ 

Cotang 
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Cotang 
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2° 
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1° 
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Natural  Tangents  and  Cotangents. 


1 

30° 

3' 

- 

3*° 

33° 

34° 

# 

Tang 

Cotang 

Tang 

Cotang 

Tang 

Cotang 

Tang 

Cotang 

Tang 

Cotang 

V 

•57735 

1.73205 

.60086 

1.66428 

.62487 

1.600331 

.64941 

1.53986 

•6745' 

1.48256 

60 

I 

•57774 

1.73089 

.60126 

1. 66318 

•62527 

1.59930 

.64982 

1.53888 

•67493 

1. 48163 

59 

2 

•578i3 

'•72973 

.60165 

1.66209 

.62568 

1.59826I 

•65024 

1 -53791 

•67536 

1.48070 

58 

3 

.57851 

1.72857 

.60205 

1.66099 

.62608 

I-59723 

.65065 

I-53693 

•67578 

1-47977 

57 

4 

.57890 

1. 72741 

•60245 

1.65990 

.62649 

1.59620 

.65106 

1-53595 

.67620 

1.47885 

56 

5 

•57929 

1.72625 

.60284 

1. 65881 

.62689 

'•595'7 

.65148 

1-53497 

.67663 

1.47792 

55 

6 

•57968 

1.72509 

.60324 

1.65772 

.62730 

I-594I4 

.65189 

1.53400 

•67705 

1.47609 

54 

7 

.58007 

1.72393 

•60364 

1.65663 

.62770 

1-593" 

.65231 

1.53302 

•67748 

1.47607 

53 

8 

.58046 

1 . 72278 

.60403 

1-65554 

.62811 

1.59208 

.65272 

'•53205 

.67790 

'•475'4 

52 

9 

.58085 

1. 72163 

•60443 

1-65445 

.62852 

1. 59105 

.65314 

i-53io7 

.67832 

1.47422 

51 

IO 

.58124 

1.72047 

■60483 

1-65337 

.62892 

1.59002 

•65355 

1. 53010 

.67875 

'•47330 

50 

II 

.58162 

1. 71932 
1.71817 

.60522 

1.65228 

.62933 

1.58900 

•65397 

1-52913 

•67917 

'.47238 

49 

12 

.58201 

.60562 

1. 65120 

.62973 

1.58797 

•65438 

1.52816 

.67960 

I -47M6 

48 

'3 

•58240 

1. 71702 

.60602 

1. 6501 1 

.63014 

1-58695 

.65480 

1. 52719 

.68002 

'•47053 

47  1 

'4 

•58279 

1. 71588 

.60642 

1.64903 

.63055 

I-58593 

.65521 

1.52622 

•68045 

1.46962 

46 

'5 

.58318 

'-7'473 

.60681 

1.64795 

-63095 

1.58490 

■65563 

'•52525 

.68088 

1.46870 

45 

16 

•58357 

1 -71358 

.60721 

1.64687 

.63136 

1.5838! 

.65604 

1.52429 

.68130 

1.46778 

44 

'7 

.58396 

1. 71244 

.60761 

1.64579 

.63177 

1.58286 

.65646 

1.52332 

-68173 

1.46686 

43 

18 

•58435 

1.71129 

.60801 

1. 64471 

.63217 

1.5S184 

.65688 

1.52235 

.68215 

'  .46595 

42 

19 

•58474 

1.71015 

.60841 

1.64363 

.63258 

1.58083 

.65729 

1. 52130 

.68258 

1.46503 

41 

20 

.58513 

1. 70901 

.60881 

1.64256 

•c3->? 

1. 57981 

.65771 

1.52043 

.68301 

1-464" 

40 

21 

-58552 

1.70787 

.60921 

1. 64148 

■63340 

1.57879 

.65813 

1. 51946 

•68343 

1.46320 

39 

22 

.58591 

1.70673 

.60960 

1. 64041 

.63380 

1-37778 

.65854 

1. 51850 

.6838! 

1.46229 

38 

23 

.58631 

1.70560 

.61000 

1-63934 

.63421 

1.57676 

.65896 

1 -51754 

.68429 

'•46137 

37 

*4 

.58670 

1.70446 

.61040 

1.63826 

.63462 

1-57575 

.65938 

1. 51658 

•68471 

1.46046 

36 

25 

.58709 

1-70332 

.61080 

1. 63719 

.63503 

1-57474 

.65980 

1. 51562 

-685.4 

'-45955 

35 

36 

.58748 

1. 70219 

.61120 

1. 63612 

•63544 

1-57372 

.66021 

1. 51466 

.68557 

1.45864 

34 

27 

•58787 

1. 70106 

.61160 

1 .63505 

•635S4 

1. 57271 

.66063 

[.5x37c 

.68600 

'•45773 

33 

28 

.58806 

1.69992 

.61200 

1.63398 

.63625 

1. 57170 

.66105 

1. 51275 

.68642 

1.45682 

32 

20 

.58865 

1.69879 

.61240 

1.63292 

.63666 

1.57069 

.66147 

1.51179 

.68685 

'•45592 

3' 

30 

•58905 

1.69766 

.61280 

1. 63185 

•63707 

1.56969 

.66189 

1. 51084 

.68728 

'-4550I 

3° 

3' 

•58944 

1.69653 

.61320 

1.63079 

.63748 

1.56868 

.66230 

1.50988 

.6877' 

1. 45410 

29 

32 

.58983 

1. 69541 

.61360 

1.62972 

.63789 

1.56767 

.66272 

1.50893 

.68814 

1.45320 

28 

33 

.59022 

1.69428 

.61400 

1.62866 

.63830 

1.56667 

.66314 

'•50797 

.68857 

1.45229 

27 

34 

.59061 

1.69316 

•61440 

1.62760 

.63871 

.1.56566 

.66356 

1.50702 

.68900 

'•45' 39 

26 

35 

.59101 

1.69203 

.61480 

1.62654 

.63912 

1.56466 

.66398 

1.50607 

.68942 

'•45049 

25 

36 

-59149 

1. 69091 

.61520 

1.62548 

•63953 

1.56366 

.66440 

1. 50512 

.68985 

1.44958 
1.44868 

24 

37 

•59179 

1.68979 

.61561 

1.62442 

•63994 

1.56265 

.66482 

1. 50417 

.69028 

23 

38 

•59218 

1.68866 

.61601 

1.62336 

•64035 

1. 56165 

.66524 

1.50322 

.69071 

' -4477? 

22 

39 

.59258 

1-68754 

.61641 

1.62230 

.64076 

1.56065 

.66566 

1.50228 

.69114 

I.44«S 

21 

40 

•59297 

1.68643 

.61681 

1. 62125 

.64117 

1.55966 

.66608 

'•50133 

•69157 

'•44598 

:  : 

41 

•59336 

1. 68531 

.61721 

1. 62019 

.64158 

1.55866 

.66650 

1.50038 

.69200 

' -44508 

19 

42 

•59376 

1. 68419 

.61761 

1.61914 

.64199 

1.55766 

.66692 

'•49944 

.69243 

i-444'8 

18 

43 

•59415 

1.68308 

.61801 

1. 61808 

.64240 

1.55666 

■66734 

'•49849 

.69286 

1-44329 

'7 

44 

•59454 

1. 68196 

.61842 

1. 61703 

.64281 

I-55567 

.66776 

'•49755 

.69329 

1-44239 

16 

45 

•59494 

1.68085 

.61882 

1. 61598 

.64322 

t .55467 

.66818 

1. 49661 

.69372 

I-44I40 

'5 

46 

•59533 

1.67974 

.61922 

1.61493 

.64363 

'• 55368 

.66860 

1.49566 

•69416 

1.44060 

'4 

47 

•59573 

1.67863 

.61962 

1. 61388 

•64404 

1.55269 

.66902 

1-49472 

.69459 

1-4397° 

'3 

48 

.59612 

1.67752 

.62003 

1. 61283 

.64446 

1.55170 

.66044 

1.49378 

.69502 

I. 43881 

12 

49 

.59651 

1. 67641 

.62043 

1.61179 

•64487 

1. 55071 

.66986 

1.49284 

.69545 

1.43792 

11 

50 

•59691 

-.67530 

.62083 

1. 61074 

.64528 

••54972 

.67028 

1.49190 

.69588 

'•43703 

10 

51 

•59730 

1. 67419 

.62124 

1.60970 

■64569 

1-54873 

.67071 

'•49097 

.6963' 

1. 43614 

1 

52 

•59770 

1.67309 

.62164 

1.60865 

.64610 

1-54774 

.67113 

1.49003 

.69675 

'•43525 

53 

.59809 

1. 67198 

.62204 

1. 60761 

.64652 

I-54675 

•67155 

1  48909 

.69718 

'•43436 

7 

54 

•SW9 

1.67088 

.62245 

1.60657 

•64693 

1-54576 

.67197 

1. 48816 

•  .69761 

'•43347 

6 

55 

.59888 

1.66978 

.62285 

1-60553 

•64734 

1.54478 

.67239 

1.48722 

.69804 

1.43258 

5 

56 

•59928 

1.66867 

.62325 

1.60449 

•64775 

1-54379 

.67282 

1.48629 

.60847 

1. 43169 

4 

57 

•59967 

S. 66757 

.62366 

1.60345 

•64817 

1. 54281 

.67324 

1.48536 

.69891 

1.43080 

3 

58 

.60007 

1.66647 

.62406 

1. 60241 

.64858 

I-54I83 

.67366 

1-48442 

•69934 

1.42092 

2 

59 

.60046 

1.66538 

.62446 

1. 60137 

•64899 

1-54085 

.67409 

1.48349 

•69977 

1.42903 

1 

60 

.-"•■•    t 

1.664s! 

.62487 

1.60033 

.64041 

1-53986 

.67451 

1.48256 

.  -  ■  n 

1. 42815 

0 

1 
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Tang 
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1 

5< 

f 

5 

8° 
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7° 
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Natural  Tangents  and  Cotangents. 
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■c 
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S3 

34 

35 
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39 
4° 
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42 

43 

44 

a 

47 
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40 
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5i 
52 
53 
54 
55 

9fi 

57 
5S 
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7  -  -J  i 
70064 
70107 
701 5 1 
70104 
70238 
70381 
70325 
70368 
704:2 
7°45S 

7°4Q9 
70542 
70586 
70629 
70673 
707 '7 
70760 
"  I  4 
70848 
7o8ai 

70935 
70979 
7IO23 
71066 
71 1 IO 
7' 154 
71 198 
71242 
71285 
71329 

7'373 
7«4'7 
71461 

7I50S 
7 '549 
7 '593 
71637 
71681 

7«725 
71769 

71813 
7'857 
71901 
71946 
71990 
72034 
72078 
72122 
72167 
722 1 1 

72255 
72299 
72344 
72388 

7'43» 
7^477 
72521 
72565 
72610 
72654 


.42815 
.42726 
.42638 
4255~> 
.42462 
•42374 
.42286 
,42198 
.421 10 
.42022 
4 '934 

41847 
4'759 
41672 
41584 
4M97 
41409 
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4.769 

58 

32X 

2.668 

5-074 

3.202 

5.920 

3-735 

6.766 

4.269 

7.612 

4.802 

57^ 

32^ 

2.6S6 

5.060 

3.224 

5.904 

3.761 

6.747 

4.298 

7-591 

4-836 

57K 

32^ 

2.705 

5-046 

3.246 

5.887 

3-737 

6.728 

4-328 

7- 569 

4.869 

57^ 

33° 

2.723 

5-032 

3-268 

5-871 

3-3i2 

6.709 

4-357 

7-543 

4.902 

S7" 

33^ 

2.741 

5.OI8 

3.290 

5.354 

3-833 

6.690 

4-336 

7-527 

4-935 

56/ 

33^ 

2.760 

5-003 

3.312 

5-337 

3.864 

6.671 

4.416 

7-505 

4.967 

56^ 

33  H 

2.778 

4.9S9 

3-333 

5-820 

3-889 

6.652 

4-445 

7-4S3 

5.000 

56/ 

34° 

2.796 

4-974 

3-355 

5-803 

3-9*4 

6.632 

4-474 

7.461 

5-Q33 

56 

34  % 

2.814 

4.960 

3-377 

5.7S6 

3-94o 

6.613 

4.502 

7-439 

5.065 

55^ 

34^ 

2.832 

4-945 

3-398 

5-769 

3-965 

6-593 

4-531 

7-417 

5.098 

55^ 

34^ 
35° 

2.850 

4-93o 

3.420 

5-752 

3-99° 

6-573 

4.560 

7-395 
7-372, 

5-I30. 

55* 
55 

2.868 

4-9J5 

3-441 

5-734 

4.015 

6-553 

4-589 

5.162 

35X 

2.886 

4.900 

3463 

5-716 

4.040 

6-533 

4.617 

7-350 

5-194 

54/ 

35^ 

2.904 

4-885 

3-434 

5-699 

4.065 

6.513 

4.646 

7-327 

5.226 

5AlA 

35  3/ 
36c 

2.921 

4.869 

3-505 

5.681 

4.090 

6-493 

4.674 

7-304 

5.25S 

54/ 

2-939 

4-854 

3-527 

5.663 

4-H5 

6.472 

4.702 

7.281 

5-290 

54 

36* 

2-957 

4-339 

3-543 

5-645 

4-139 

6.452 

4-73Q 

7-258 

5.322 

53/ 

36^ 

2.974 

4.823 

3-569 

5.627 

4.164 

6.431 

4-759 

7-235 

5-353 

53^ 

3(>X 

2.992 

4.808 

3-590 

5609 

4.1SS 

6.410 

4.7S7 

7.211 

5-3S5 

53X 

3r 

3.009 

4.792 

3-6n 

5-590 

4-213 

6.389 

4-Si5 

7.1S8 

5.416 

53J 

37# 

3.026 

4.776 

3-632 

5-572 

4-237 

6.368 

4.S42 

7.164 

5-443 

52  3/ 

37^ 

3-044 

4.760 

3.653 

5-554 

4.261 

6.347 

4.S70 

7.140 

5-479 

52^ 

37  X 

3.061 

4-744 

3-673 

5-535 

4.2S6 

6.326 

4.898 

7.116 

5-5io 

52/ 

38 

3.078 

4.728 

3-694 

5-5i6 

4.310 

6.304 

4-925 

7.092 

5-54t 

52 

33/ 

3-095 

4.712 

3-715 

5-497 

4-334 

6.283 

4-953 

7.06S 

5-572 

5i* 

38^ 

3-"3 

4.696 

3-735 

5.473 

4-358 

6.261 

4.980 

7- 043 

5.603 

5iK 

38/ 

3-130 

4.679 

3-756 

5-459 

4.381 

6.239 

5.007 

7.019 

5-633 

5i* 

CO 

■ 

5' 
00. 

3-147 

4-663 

3-776 

5- 440 

4-405 

6.217 

5-035 

6-994 

5.664 

51° 

•ob 

a 

J 

■ 

Lat. 

Dep. 

Lat. 

Dep. 

Lot 

Dep. 

Lat. 

Dep. 

Lat. 

5 

6 

7 

8 

9 

LATITUDES   AND    DEPARTURES. 
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DO 

i 

5" 

qo. 

~39~ 

39# 
29^ 

39  X 
40J 

40^ 

40  V 

4r 

4ix 

42 

42X 

42^ 

42  U 

43 

43X 

43  K 
43^ 

44 

44# 

44  lA 
44  X 

45 

B'riDg 

l 

2 

3 

4 

5 

ca 
TZ 

«j 

(B 
OQ 

sr 

50^ 

soy2 
50X 

50° 

49^ 
49^ 
49X 
49° 

48^ 
48K 
48X 
48° 

47^ 
47^ 
47X 
47° 

46  u 
46^ 
46X 

46° 

45  X 
45^ 
45X 
45° 

B'ring 

Lat. 

Dep. 

.     Lat.    f    Dep. 

Lat. 

Dep.   jj      Lat. 

Dep. 

Lat. 

0.777 

0 -774 
0.772 
0.769 

0  629 
0.633 
0.636 
0.639 

1-554 
1-549 
1-543 

;  1-538 

259 
265 
272 
279 

2-331 
2.323 
2.315 
2.307 

1.8SS 
I.89S 
I.908 
1.918 

|  3  J09 
3.098 
3.086 
3-075 

2.517 
2-531 
2-544 
2.558 

3.886 
3.872 
3.858 
3-844 

0.766 
0.763 
0.760 
0.758 
o.755 
o.752 

o.749 
0. 746 
0.743 
0.740 
0.737 
0-734 
o.73i 
0.728 
0.725 
0.722 
0.719 
0.716 

0.713 
0.710 
0.707 

0.643 
0.646 
0.649 
O.653 
0.656 
O.659 
0.663 
0.666 
0.669 
0.672 
0.676 
0.679 
0.682 
0.685 
0.688 
0.692 
0.695 
0.698 
0.701 
0.704 
O.707 

1-532 
1.526 
1. 521 
I.5I5 
1.509 
1.504 
1.498 
1.492 
1.486 
1.480 

1-475 
1.469 
1.463 
1-457 
I-45I 
1-445 
1-439 
1-433 
1.427 
1.420 
1.4T4 

286 
292 
299 
306 
312 
319 
325 
332 
338 
345 
351 
358 
364 
37o 
377 
383 
389 
396 
402 
408 
414 

2.298 
2.290 
2.281 

2-273 
2.264 
2.256 
2.247 
2.238 
2.229 
2.221 
2.212 
2.203 
2.I94 
2.IS5 
2.176 
2.167 
2.158 

2.149 
2.140 
2.I3I 
2. 121 

1.928 
I.938 
I.948 
I.958 
I.968 
I.978 
I.988 
I.998 
2.007 
2.017 
2.027 
2.036 
2.046 
2.056 
2.065 
2.075 
2.084 
2.093 
2.103 

2. 112 
2. 121 

3-  (-64 
3-o53 
3.042 
3-030 
3.019 
3.007 
2.996 
2.984 

2.973 
2.961 

2-949 
2-937 
2.925 
2.913 
2.901 
2.889 
2.877 
2.865 
2.853 
2.841 
2.828 

2-571 
2.584 
2.598 
2.611 
2.624 
2.637 
2.650 
2.664 
2.677 
2.689 
2.702 

2.715 
2.728 
2.741 

2-753 
2.766 
2.779 
2.791 
2.804 
2.816 
2.828 

3-830 

3-816 
3.802 
3.788 
3-774 
3-759 
3-745 
3-730 
3-7i6 
3.701 
3.686 
3.672 

3-657 
3.642 
3.627 
3.612 

3-597 
3.582 
3  566 
3-551 
3- 536 

Dep. 

Lat. 

Dep. 

Lat. 

Dep. 

Lat. 

Dep. 

Lat. 

Dep. 

OS 

I 

5" 

qa. 

5 

6 

7 

8 

9 

•ob 
a 
"E 

ctJ 

B 
PO 

51° 

5o^ 

5oy2 
50X 
5<r 

49  % 
49  X 
49  X 

49" 

48X 

48^ 

48  % 

48 

47  X 

47lA 

47X 

4r 

46X 
46x 
46  % 

46 

45^ 
45K 
45X 
45 

Dep. 

Lat. 

Dep. 

Lat. 

Dep. 

Lat. 

Dep. 

Lat. 

Dep. 

39' 

39  X 
39^ 
39  X 

3-M7 
3.164 
3.180 
3-197 

4.663 
4.646 
4-630 
4.613 

3-776 
3-796 
3-8i6 

3837 

5-440 
5-421 
5.401 
5.382 

4.405 
4.429 

4-453 
4.476 

6.217 
6.195 

6.173 
6.151 

5 
5 
5 

5 

035 
062 
089 
Il6 

6-994 
6.970 

6-945 
6.920 

5-664 
5- 694 

5-725 
5-755 

40° 

4oX 

40^ 

4>3/ 
4V 

4iX 

4iK 

4i^ 

42 

42X 
42^ 
42^ 
43 

43X 
43^ 
43^ 
44 

44  X 
45 

3.214 
3231 
3- 247 
3.264 
3.280 
3-297 
3-313 
3-329 
3-346 
3  362 
3-373 
3-394 
3.410 
3.426 
3-442 
3-458 
3-473 
3489 
3  505 
3.520 
3-536 

4- 590 
4-579 
4-562 

4-545 

4-528 

4-5" 

4.494 
4.476 

4-459 
4.441 
4.424 
4.406 
4-388 
4- 370 
4-352 
4-334 
4.316 
4.298 
4.280 
4.261 
4-243 

3-857 
3-877 
3-897 
3-917 
3-936 
3-956 
3-976 
3-995 
4.015 

4-034 
4.054 

4073 
4.092 
4.  in 
4.130 

4.149 
4.168 
4.187 
4.206 
4.224 
4- 243 

5.362 
5-343 
5-323 
5-303 
5.283 
5-263 
5-243 

5-222 

5-  202 
5-182 
5- 161 
5.140 

5-"9 
5-099 

5.078 

5-057 
5-035 
5.014 

4  993 
4.971 
4  950 

4- 500 
4-523 
4  546 
4- 569 
4-592 
4.615 
4-638 
4.661 
4.684 
4.707 
4.729 
4.752 

4-774 
4.796 
4818 
4  841 
4.863 
4885 
4.906 
4928 
4.950 

6.128 
6.106 
6.083 
6.061 
6038 
6.015 
5992 
5.968 
5-945 
5.922 
5.898 
5-875 
5851 
5827 
5.803 
5  779 
5-755 
5- 730 
5.706 
5681 
5-657 

5 
5 
S 

5 

5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 

142 
169 
I96 
222 
248 
275 
30I 
327 

353 
379 
405 
430 
456 
481 
507 
532 
557 
582 
607 
632 
657 

6.894 
6.869 
6.844 
6.818 
6.792 
6.767 
6.741 

6.715 
6.688 
6.662 
6.635 
6.609 
6.582 

6-555 
6528 
6.501 
6.474 
6.447 

6  419 
6.392 
6.364 

5-785 
5-815 
5-845 
5-875 
5-905 
5-934 
5.964 

5-993 
6.022 
6.051 
6.080 
6.109 
6.138 
6.167 
6.195 
6. 224 
6.252 
6.280 
6308 
6.336 
6364 

B'rinff 

Lat. 

Dep. 

Lat 

Den 

Lat 

Dep 

Lat. 

Dep 

Lat. 

B'ring  1 

M> 
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TABLE  OF 

HORIZONTAL  DISTANCES  AND  DIFFERENCES 
OF  ELEVATION   FOR  STADIA  MEASUREMENTS. 

The  formulas  used  in  the  computation  of  the  following 
tables  furnish  expressions  for  horizontal  distances  and 
differences  of  elevation  for  stadia  measurements  with  the 
conditions  that  the  stadia  rod  be  held  vertical  and  the  stadia 
wires  be  equidistant  from  the  center  wire.  The  formulas 
used  are  as  follows:   For  the  horizontal  distance 

D  =  c  cos  n  +  a  k  cos2  n,  (94.)     Art.  1 301 . 

in    which  D  =  the    corrected    distance  ;    c  =  the    constant  ; 
a  k  ==  the  stadia  distance,  and  ;/  =  the  vertical  angle. 

For  the  difference  of  elevation,  the  following  formula  is 
used: 

■E  =  c  sin  n  +  ak^^.  (95.)     Art.  1301. 

For  application  of  tables  see  Art.  1301. 
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HORIZONTAL  DISTANCES  AND  DIFFERENCES 
OF  ELEVATION  FOR  STADIA  MEASUREMENTS, 


Minutes. 


Hor. 
Dist. 


o 100.00 

2 KKJ.(K) 


12 

14 

16 

18 

20 

22 

24 
26 

28 

30 
32 

34 
36 
38 
40 

42 
44 
46 

48 
50 

52 
54 
56 
58 
60 


c=  .75 

C  =  I. OO  . 

c  =  1.25  . 


100.00 
100.00 
100.00 
100.00 

100.00 
100.00 
100.00 
100.00 
100.00 

100.00 
100.00 

99-99 
99.99 
99.99 

99.99 
99.99 
99.99 
99.99 
99.99 

99.99 
99.98 
99.98 
99.98 
99.98 

99.98 
99.98 
99-97 
99-97 

99-97 


•  75 


1.25 


Diff. 
Elev. 

.OO 

.06 

.12 
•17 
•23 
.29 

•35 
.41 

•47 

•52 

•53 

.64 
.70 
.76 

.81 
.87 

•93 
•99 
•05 
.ir 
.16 

.22 
.28 

•34 
.40 

•45 

•5i 
•57 
63 
.69 

•74 


Hor. 
Dist. 

99-97 
99-97 
99-97 
99.96 
99.96 
99.96 

99.96 
99-95 
99-95 
99-95 
99-95 

99.94 
99.94 
99-94 
99-93 
99-93 

99-93 
99-93 
99.92 
99.92 
99.92 

99.91 
99.91 
99.90 
99.90 
99.90 

99.89 
99.89 
99.89 
99.88 

99.88 


■75 


1.25 


Diff. 
Elev. 
1.74 
1.80 
1.86 
1.92 
1.98 
2.04 

2.09 
2.15 
2.21 

2.27 

2-33 

2.38 
2.44 
2.50 
2.56 
2.62 

2.67 

2-73 
2.79 
2.85 
2.91 

2.97 
3- 02 
3.08 

3-14 
3- 20 

3- 26 

3-31 
3-37 
3-43 
3-49 


,oa 


.03 


.03 


Hor. 
Dist. 

99.88 
99.87 
99.87 
99.87 
99.86 
99.86 

99-85 
99-85 
99.84 
99.84 
99-83 

99-83 
99.82 
99.82 
99.81 
99.81 

99.80 
99.80 

99-79 
99-79 
99.78 

99.78 
99-77 
99-77 
99.76 

99-  7^ 

99-75 
99-74 
99-  74 
99-73 
99-  73 


1.25 


Diff. 
Elev. 

3-49 
3-55 
3.60 
3-66 

3-72 
3-73 

3-84 
3-9° 
3-95 
4.01 
4.07 

4-13 
4.18 
4.24 
4-3° 
4-36 

4.42 
4.48 
4-53 
4-59 
4-65 

4.71 
4.76 

^.82 
4.88 
4.94 

4.99 
5.05 

5- 1 1 
5-17 
5-23 


•03 


.04 


.05 


Hor. 
Dist. 

99-73 
99. 72 
99.71 
99.71 
99.70 
99.69 

99.69 
99.68 
99.68 
99.67 
99.66 

99.66 

99-<>5 
99.64 

99- 63 
99- 63 
99.62 
99.62 
99.61 
99.60 
99-59 

99-59 
99-58 
99-57 
99-  5^> 
99.56 

99-55 
99-  54 
99-53 
99-52 
99.51 


•75 


1.25 


Diff. 
Elev. 

5-23 

5-28 
5-34 
5-40 

5-4C> 
5-52 

5-57 
5-63 
5-69 
5-75 
5-  80 

5-86 
5-92 
5-98 
6.04 
6.09 

6.15 
6.21 
6.27 

6-33 
6.38 

6.44 
6.50 
6.56 
6.61 
6.67 

^■73 
6.78 
6.84 
6.90 
6.96 


.05 


.06 

.08 
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HORIZONTAL  DISTANCES  AND  DIFFERENCES 
OF  ELEVATION  FOR  STADIA  MEASUREMENTS. 


Minutes. 


o 

2 

4 

6 

8 

io 

12 

M 

16 

iS 

20 

22 

24 

26 

28 

30 

32 

34 

36 

38 

40  ...... . 

42 

44 

46 

43 

5o 

52 

54 

56 

53  

60 

c  =  .75  • 

C  =  I. OO  . 

c  =  1.25 


Hor. 
Dist. 
99.51 

99-51 
99.50 
99.49 
99.48 
99-47 

99.46 
99.46 
99-45 
99-44 
99-43 

99.42 
99.41 
99.40 
99-39 
99-38 

99-38 
99-37 
99- 36 
99-35 
99-34 

99-33 
99-32 
99-31 
99-3o 
99-29 
99.28 
99.27 
99.26 
99.25 
99.24 

•75 


125 


Diff.  Hor. 
Elev.  Dist. 
6.96 
7.02 
7.07 


7- 13 
7.19 

7-25 

7-3o 
7-36 
7.42 
7.48 

7-53 

7-59 
7-65 
7-71 
7.76 
7.82 

7.88 
7-94 
7-99 
8.05 
8.11 

8.17 
8.22 
8.28 

8-34 
8.40 

8.45 
8.51 
8.57 
8.63 
8.68 

.06 
.08 


99.24 

99-23 
99.22 
99.21 
99.20 
99.19 

99.18 

99.17 
99.16 
99.15 

99.14 

99- 13 
99.11 
99.10 
99.09 
99.08 

99.07 
99.06 

99-05 
99.04 

99-°3 
99.01 
99.00 
98.99 
98.98 
98.97 

98.96 
98.94 

98-93 
98.92 
98.91 

•75 

•99 

1.24 


6° 


Diff.     Hor. 

Dist. 

98.91 
98.90 

98.88 
98.87 
98.86 
98.85 

98.83 
98.82 
98.81 
98.80 
98.78 

98.77 
98.76 
98.74 

98-73 
9S.72 

98.71 
98.69 
98.68 
98.67 
98.65 

98.64 
98.63 
98.61 
98.60 
98.58 

98-57 
98.56 

98-54 
98-53 
9S.51 


Elev. 

8.68 

S-74 
8.80 
8.85 
8.91 
8-97 

9-03 
9.08 
9.14 
9.20 
9-25 

9-31 
9-37 
9-43 
9.48 

9-54 
9.60 

9-65 
9.71 

9-77 
9-83 

9.88 

9.94 

10.00 

10.05 

10. 11 

10.17 
10.22 
10.28 
10.34 
10.40 

.07 


.09  I      .99 
.II I    1.24 


Diff. 

Elev. 

0.40 

0.45 

0.51 

0.57 

0.62 

0.68 

0.74 
0.79 
0.85 
0.91 
0.96 

1.02 
1.08 

I-I3 
1.19 

1.25 

1.30 
1.36 
1.42 
1.47 
1-53 
1.59 
1.64 
1.70 
1.76 
1. Si 

1.87 
1.93 
1.98 
2.04 
2.10 

.08 


M 


Hor. 
Dist. 

98.51 
98.50 
98.48 
98.47 
98.46 
9S.44 

98-43 
98.41 
98.40 
98-39 
■  98.37 

!  98.36 

1 98-34 

;  98-33 
98.31 
98.29 

93.28 
j  98.27 
!  98.25 

98.24 
;  98.22 

9S.20 
j  98.19 
98.17 
98.16 
98.14 

98.13 
98.11 
98.10 
98.08 
98.06 

•  74 

■99 
1.24 


Diff. 
Elev. 
2.10 

2.15 
2.21 
2.26 
2.32 
2.38 

2-43 
2.49 

2-55 
2.60 
2.66 

2.72 

2-77 
2.83 
2.88 
2.94 

3.00 
305 
3-" 
3-17 

3-22 

3-28 
3  33 
3-39 
3-45 
3-  5o 

3-50 
3- 61 

3-67 
3-73 
3-78 


•13 
.16 


TABLES   AND    FORMULAS. 


55 


HORIZONTAL  DISTANCES  AND  DIFFERENCES 
OF   ELEVATION   FOR  STADIA  MEASUREMENTS. 


Minutes. 


o 

2 

4 

6 

8 

io 

12 

14 

16 

18 

20 

22 

24 

26 

28 

30 

32  ......  . 

34 

36 

38 

40 

42 

44 

46 

48 

50 

52 

54 

56 

58 

60 

C=  .75 
c  =■  1. 00 
c  =  I.25 


8 


Hor. 

Dist. 

98.06 

98.05 

98.03 

98.01 

98.00 

97.98 

97-97 
97-95 
97-93 
97.92 
97.90 

97.88 
97.87 
97-85 
97-83 
97.82 

97.80 
97.78 
97.76 
97-75 
97-73 

97-71 
97.69 
97.68 
97.66 
97.64 

97.62 
97.61 
97-59 
97-57 
97-55 


■74 


•99 


I.23 


Diff. 
Elev. 

3-78 
3-84 
389 

3-95 
4.01 
4.06 

4.12 

4.17 

4- 23 
4.28 

4-34 
4.40 
4-45 
4-5i 
4-  56 
4.62 

4.67 
4-73 
4-79 
4.84 
4.90 

4-95 
5.01 
5.06 
5.12 
5-17 

5-23 
5.28 

5-34 
5.40 

5-45 


1 1 


15 


1- 


Hor. 
Dist. 

97-55 
97-53 
97-52 
97-50 
97.48 
97-46 

97-44 
97-43 
97.41 

97-39 
97-37 

97-35 
97-33 
97-31 
97.29 
97.28 

97.26 
97.24 
97.22 
97.20 
97.18 

97.16 
97.14 
97.12 
97.10 
97.08 

97.06 
97.04 
97.02 
97.00 
96.98 


•  74 


•99 


1.23 


Diff. 
Elev. 

5-45 
5-51 
5-56 
5.62 
5-67 
5-73 

5-78 
5-84 
5-89 
5-95 
6.00 

6.06 
6.11 
6.17 
6.22 
6.28 

6-33 
6-39 
6.44 
6.50 
6-55 

6.61 
6.66 
6.72 

6-77 
6.83 

6.88 
6.94 
6.99 

705 
7.10 


Hor. 
Dist. 
96.98 
96.96 
96.94 
96.92 
96.90 
96.88 

96.86 
96.84 
96.82 
96.80 
96.78 

96.76 
96.74 
96.72 
96.70 
96.68 

96.66 
96.64 
96.62 
96.60 
96-57 

9655 
96-53 
96.51 
96.49 
96.47 

96.45 
96.42 
96.40 
9638 
96.36 


•74 


.98 


123 


Diff. 
Elev. 


7.10 
16 

21 


14 


i.< 


23 


Hor. 
Dist. 
96.36 

96-34 
96.32 
96.29 
96.27 
96.25 

96.23 
96.21 
96.18 
96.16 
96.14 

96.12 
96.09 
96.07 
96.05 
96.03 

96.00 

95-98 
95.96 

95-93 
95-91 

95-8g 
95-86 
95-84 
95-82 

95-79 

95-77 
95-75 
95-72 
95.70 
95-68 


•73 


.98 


Dili. 
Elev. 

8.73 
8.78 
8.84 
8.89 

8.95 
9.00 

9.05 
9.11 
9.16 
9.21 
9.27 

9-32 
9-38 
9-43 
9.48 

9-54 

9-59 
9.64 
9.70 

9-75 
9.80 

9.86 

9.91 

9.96 

20.02 

20.07 

20.12 
20.18 
20.23 
20.28 
20.34 


'? 


.20 
■25 


56 


TABLES   AND    FORMULAS. 


HORIZONTAL  DISTANCES  AND  DIFFERENCES 
OF   ELEVATION    FOR  STADIA   MEASUREMENTS. 


Minutes. 


12 

14 
16 

IS 
20 

22 

24 
26 

2S 
30 

32 
34 
36 
33 
40 

42 
44 
46 
4S 
50 

52 
54 
56 
5S 
60 


c=  .75 

C  =  I. OO 

c  =  1  25 


13 


14 


15 


Hor. 
Dist. 
95.68 
95.65 

Q5-63 
95.61 
95-58 
95-  56 

95-53 
95-51 
95-49 
95-46 
95-44 

95-41 
95-39 
95-36 
95-34 
95-32 

95.29 
95-27 
95.24 
95.22 
95.19 

95-17 
95- 14 
95.12 

95-09 
95-07 

95.04 
95.02 
94-99 
94-97 
94-94 

•73 
•98 


MB. 

Elev. 
20.34 
20.39 
20.44 
20.50 
20.55 
20.60 

20.66 
20.7I 
20.  76 
20.8I 
20.87 

20.92 

20.97' 

2I.03 

2I.08 

21.13 

21. IS 
21.24 

21.29  94-47 
21.34  94-44 
21.39     94-42 

21.45     94-39 


Hor. 
Dist. 

94-94 
94.91 
94.89 
94.86 
94.  S4 
94.81 

94-79 
94.76 

94-73 
94-71 
94. 6S 

94.66 
94-63 
94.60 
94- 5S 
94-55 

94-52 
94-50 


21.50 
21.55 
21.60 


94.36 
94-34 
94-31 


21.66  94. 2S 

21.71  94.26 

21.76  94.23 

21.  Si  94.20 

ai.87  9417 

21.92  94.15 


.16 


■27 


73 


Diff. 
Elev. 
21.92 
21.97 
22.02 
22.08 
22.13 
22.18 

22.23 

J2.  28 
22-34 
22-39 
22-44 

22.49 

22.54 
22.60 
22.65 
22.70 

22.75 
22.  ~<  • 
22.85 
22.91 


Hor. 
Dist. 

94- 1 5 
94.12 
94.09 
94-07 
94.04 
94.01 

93-98 
93-95 
93-93 
93.90 

93-87 

93-84 
93-8i 
93-79 
93- 76 
93-73 
93- 7o 
93- 67 
93-65 
93.62 


22.96    93-59 

23.01  93-  56 
23.06  !  93-53 
23.11  '  93-50 
2316  J  93-47 
23.22    93-45 

23-27  j  93-42 
23-32  93-39 
23  37     93-36 


23.42 
23-47 


1- 


93-33 
93- 3o 

-73 
97 


Diff. 
Elev. 

23-47 
23.52 
23.58 
23.63 
23.68 
23-73 
23.78 
23-83 

23.  ss 
23-93 

23-99, 

24.04 

24.09 

24.14 

24.19 

24.24 

24.29 

24-34 
24.39 
24.44 
24-49 

24-55 
24.60 

24.65 
24.70 

24- 75 

24.  So 
24.85 
24.90 

24-95 
25.00 


Hor. 
Dist. 

93- 30 
93.27 
93.24 
93.21 
93-18 
93.16 

93- 13 
93.10 

93-07 
93-04 
93.01 

92.98 

92-95 
92.92 
92.  S9 
92.86 

92.83 
92.80 
92.77 
92.74 
92-71 

92. 6S 
92.65 
92.62 

9259 
92-56 

92- 53 
92.49 
92.46 

92-43 
92.40 


•19         -72 
.25         .96 


■3« 


Dff. 

Elev. 
25.00 
2505 
25.10 
25.15 
25.20 
25.25 

25.30 

25-35 
25.40 

25-45 
25-50 

25-55 
25.60 
25.65 
25-70 
25-75 
25.80 
25-85 
25.90 

25-95 
26.00 

26.05 
26.10 
26.15 
26.20 
26.25 

26.30 
26.35 
26.40 
26.45 
26.50 


•27 
•34 


TABLES   AND    FORMULAS. 
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HORIZONTAL  DISTANCES  AND  DIFFERENCES 
OF   ELEVATION   FOR  STADIA   MEASUREMENTS. 


Minutes. 


12  , 
14 
16 
18 

20 

22 

24 
26 
28 
30 

32 

34 
36 
38 


i6c 


*f 


Hor. 

Dist. 

92.40 

92.37 

92-34 

92.31 

92.28 

92.25 

92.22 
92.19 
92.15 
92.12 
92.09 

92.06 
92.03 
92.00 
91.97 
91-93 

91.90 
91.87 
91. S4 
91.81 


40 9 '  -  7  7 


42 
44 

-13 
48 
5o 

52 
54 
56 
53 
60 


91-7-4 
91.71 
91.68 
91.65 
91.61 

91.58 

91-55 
91.52 
91.48 
91-45 


■72 


.86 


Diff. 

Elev. 

26.50 

26.55 

26.59 

26.64 

26.69 

26.74 

26.79 
26.84 
26.89 
26.94 
26.99 

27.04 
27.09 

27-13 

27.18 
27.23 

27.28 

27-33 
27-38 

27-43 
27-48 

27-52 
27-57 
27.62 
27.67 
27.72 

27-77 
27.81 
27.86 
27.91 
27.96 


.2- 


•35 


Hor. 

Dist. 

9145 
91.42 

9139 
91-35 
91.32 
91.29 

91.26 
91.22 
91.19 
91.16 
91.12 

91.09 
91.06 
91.02 
90.99 
90.96 

90.92 
90.89 
90.86 
90.82 
90.79 

90.76 
90.72 
90.69 
90.66 
90. 62 

90.59 

90-55 
90.52 
90.48 
90.45 


•  72 


•95 
1. 19 


Diff. 
Elev. 

27.96 
28.01 
28.06 
28.10 
28.15 
28.20 

28.25 
28.30 
28.34 
28.39 
28.44 
28.49 
28.54 
28.58 
28.63 
28.68 

28.73 
28.77 
28.82 
28.87 
28.92 

28.96 
29.01 
29.06 
29.11 
29-15 
29. 20 
29.25 
29.30 
2934 
29-39 


180 


19 


Hor. 
Dist. 

90-45 
90.42 
90.38 

90-35 
90.31 
90.28 

90.24 
90.21 
90.18 
90.14 
90.  n 

90.07 
90.04 
90.00 
89.97 
89-93 

89.90 
89.86 
89.83 
89.79 
89.76 

89.72 
89.69 
89.65 
1 89.61 
89.58 

89.54 

89.51 
89-47 
89.44 
89.40 


23 


•  71 


•30 
•33 


•95 
1. 19 


Diff. 
Elev. 

29-39 
29.44 
29.48 

29-53 
29.58 
29.62 

29.67 
29.72 
29. 76  : 
29.81  I 
29.86 

29.(90 
29.95 
30.00 
30.04 
30.09 

30.14 
30.19 
30.23 
30.28 
30.32 

30-37 
30.41 
30.46 
30-5I 
30.55 

30.60 

30-65 
30.69 
30.74 
30.78 


•24 


-32 


.40 


Hor. 
Dist. 

S9.40 
89.36 

89-33 
89.29 
89.26 
89.22 

89.18 
89.15 
89.11 
89.08 
89.04 

89.00 
88.96 
88.93 
88.89 

88.86 

88.82 
88.78 

88.75 
88.71 
88.67 

88.64 
88.60 
88.56 

88.53 
88.49 

88.45 
88.41 
88.38 

88.34 
8S.30 


71 


•94 
1. 18 


Diff. 
Elev. 
30.78 
30.83 
30.87 
30.92 
30.97 
31.01 

31.06 
31.10 

31-15 
31.19 
31.24 

31-28 

31-33 
3I-38 
31-42 
31-47 

3I-5I 
3I-56 
31.60 

31-65 
31.69 

31-74 
31-78 
31.83 

31-87 
31.92 

31.96 
3201 
32.05 
32.09 
32.14 


•25 


•33 
.42 


58 


TABLES   AND   FORMULAS. 


HORIZONTAL  DISTANCES  AND  DIFFERENCES 
OF  ELEVATION  FOR  STADIA  MEASUREMENTS* 


Minutes. 


12  . 

14 
16 

iS 
20 

22 

24 
26 

28 

30 

32 
34 
36 
38 
40 

42 
44 
46 
48 
50 

52 
54 
56 
58 
60 


C  = 


13 


C  =  I. OO 

c  =  1.25 


Hor. 
Dist. 

88.30 
88.26 
88.23 
88.19 
88.15 
88.11 

88.08 
88.04 
88.00 
87.96 
87.93 

87.89 

?:-i5 
87.81 

87-77 
87.74 

87.70 
87.66 
87.62 

B7-58 

87-54 

87-51 
87.47 

87-43 
87-39 
87-35 

37-31 
87.27 
S7.24 
87.20 
87.16 

.70 

•94 

..17 


Diff. 
Eley. 

32- 14 

32.18 
32.23 
32.27 
32.32 
32.36 
32.41 

32-45 
32-49 
32- 54 
32-58 

32.63 
32.67 
32.72 
32.76 
32.80 

32.85 
32.89 

32-93 
32.98 
33-Q2 

33-07 
33-II 
33-15 
33.20 
33-24 
33.28 
33-33 
33-37 
33-41 
33-46 

.26 

•35 
•44 


Hor. 

Dist. 

87.16 

87.12 

87.08 

87.04 

87.00 

86.96 

86.92 

86.88 
86.84 
86.80 
86.77 

86.73 
86.69 
86.65 
86.61 
86.57 

86.53 
86.49 
86. 4  5 
S6.41 
86.37 

86.33 
86.29 
S6.25 
86.21 
86.17 

86.13 
86.09 
86.05 
86.01 
85.97 

.70 

•93 

1. 16 


Diff. 
Elev. 

33-  46 
33-  5o 
33-54 
33-59 
33  03 
33-67 

33- 72 
33- 76 
33-8o 
33-84 
33-89 

33-93 
33-97 
34.01 
34.06 
34.10 

34-M 
34.18 

34-23 
34-27 
34-31 

34-35 
34.40 

34-44 
34-48 
34-52 

34-57 
34-6i 
34-65 
3469 
34-73 

•27 
•37 


23 


Hor. 
Dist. 
85.97 

85-93 
85.89 
B5.85 
85.80 
85.76 

85-72 
85.68 
85.64 
85.60 
85-56 

85.52 
85.48 
S544 
85.40 
85.36 

85-31 

85.27 

85-23 
85.19 

85.15 
85.11 
85.07 
S5.02 
84. 9S 
S4.94 

84.90 

S4.S6 

!  S4.S2 

84.77 

S4-73 

~69~ 
.92 


.46 1     1. 1 5 


Diff. 
Elev. 

34-73 
34-77 
34.82 


Hor. 
Dist. 

8473 
84.69 
84.65 
84.61 

84-57 
84.52 

84.48 
84.44 

S4.40 

84-35 
84.31 

84.27 
84.23 
84.18 
84.14 
84.10 

84.06 
84.01 

S3-97 
33-93 
83.89 

83.  S4 
S3.  So 
S3. 76 
S3. 72 
83.67 

83-63 
83-59 
83-54 
83.50 
S3.46 

^69" 

•92 

115 


Diff. 
Elev. 

35-97 
36.01 
36.05 
36.09 
36.13 
36.17 

36.21 
36.25 
36.29 
36.33 
36.37 

36.41 
36.45 
36.49 
36.53 
36.57 

3661 
3665 
36.69 
36.73 
3677 

36.  So 
36.84 
36.  S8 
36.92 
36.96 
37.00 
37-04 
37.08 
37-12 
37- 16 

•30 
.40 

.50 


TABLES   AND    FORMULAS. 


59 


HORIZONTAL  DISTANCES  AND  DIFFERENCES 
OF   ELEVATION   FOR  STADIA  MEASUREMENTS. 


Minutes. 


O  . 

2  . 

4  • 

6  . 

8  . 

io  . 

12   . 

14  . 
16  . 

18  . 

2©  . 

22  . 

24 

26  . 

2S  . 
3°  • 

32  ■ 

34 
36 
33, 
40 

42 
44 
46 
48 
5o 

52 
54 
56 
58 
60 


24 


c=   .75 

C  =  I.  OO 

c  =  1.25 


Hor. 

Dist. 

83.46 

83.41 

83-37 

83-33 

83.28 

83.24 

83.20 
83-15 
83.11 
83.07 
83.02 

82.98 
82.93 
82.89 
82.85 
82.80 

82.76 
82.72 
82.67 
82.63 
82.58 

82.54 
82.49 

S2.45 
82.41 
82.36 

82.32 
82.27 
82.23 
82.18 
82.14 

.68 

•9* 
1. 14 


Diff. 
Elev, 

37-16 
37.20 

37-23 
37-27 
37-31 
37-35 

37-39 
37-43 
37-47 

37-51 
37-54 

37-58 
37.62 
37.66 
37-7o 

37-74 

37-77 
37-8i 
37.85 
37-89 
37-93 

37-96 
38.00 
38.04 
38.08 
38.11 

38.15 
38.19 
38.23 
38.26 
38.30 

•3i 
.41 

•52 


25 


Hor. 
Dist. 
82.14 
82.09 
82.05 
82.01 
81.96 
81.92 

81.87 
81.83 
81.78 
81.74 
81.69 

81.65 
81.60 
81.56 
81.51 
81.47 

81.42 
81.38 

81.33 
81.28 
81.24 

81.19 
81.15 
81.10 
81.06 
81.01 

80.97 
80.92 
80.87 
80.83 
80.78 

.68 

•90 

1. 13 


Diff. 
Elev. 
38.30 
38.34 
38.38 
38.41 
38-45 
38-49 

38.53 
38.56 
38.60 
38.64 
38.67 

38.71 
38.75 
38.78 
38.82 
38.86 

38.89 
38.93 
38.97 
39.00 

39-04 

39- 08 
39-" 
39-15 
39.18 
39.22 

39.26 
39- 29 
39-33 
39-36 
39-40 

•32 
•43 
•54 


26c 


Hor. 
Dist. 

80.78 
80.74 
80.69 
80.65 
80.60 

80.55 

80.51 
80.46 
80.41 

80.37 

80.32 

80.28 
80.23 
80.18 
80.14 
80.09 

80.04 
80.00 

79-95 
79.90 
79.86 

79. 8i 
79.76 
79.72 
79.67 
79.62 

79-58 
79-53 
79.48 
79-44 
79-39 

.67 


Diff. 
Elev. 

39-40 
39-44 
39-47 
39-51 
39-54 
39-58 

39.61 
39-65 
39-69 
39-72 
39-76 

39-79 
39-83 
39.86 

39-9° 
39-93 

39-97 
40.00 
40.04 
40.07 
40.11 

40.14 
40.18 
40.21 
40.24 
40.28 

40.31 

40.35 
40.38 
40.42 
40.45 

•33 
•45 
•56 


27 


Hor. 
Dist. 

79-39 
79-34 
79-3o 
79-25 
79.20 

79-15 

79.11 
79.06 
79.01 
78.96 
78.92 

78.87 
78.82 
78.77 
78.73 
78.68 

78.63 
78.58. 
78.54 
78.49 
78.44 

78.39 
78.34 
78.30 
78.25 
78.20 

78.15 
78.10 
78.06 
78.01 
77.96 

.66 


Diff. 
Elev. 
40.45 
40.49 
40.52 

40.55 
40-59 
40.62 

40.66 
40.69 
40.72 
40.76 
40.79 

40.82 
40.86 
40.89 
40.92 
40.96 

40.99 
41.02 
41.06 
41.09 
41.12 

41.16 
41.19 
41.22 
41.26 
41.29 

41.32 
41-35 

41-39 
41.42 
41.45 

•35 


89    .46 
11    .58 


60 


TABLES   AND    FORMULAS. 


HORIZONTAL  DISTANCES  AND  DIFFERENCES 
OF  ELEVATION   FOR  STADIA  MEASUREMENTS 


12  . 

14  • 
16  . 

18  . 
20 

22 
24 
26 
28 
30 

32 

34 
36 
38 
40 

42 

44 

46 
48 
50 

52 
54 
56 
58 
60 


Minutes. 


C=  -75 
C  =  I.  OO 

c  =  1.25 


28c 


Hor. 
Dist. 

77.96 

77-91 
77.86 

77.81 

77-77 
77.72 

77-67 
77.62 

77-57 
77-52 
77.48 

77.42 
77-38 
77-,33 

77.28 

77-23 
77.18 

77-13 
77.09 
77.04 
76.99 

76.94 
76.89 
76.84 
76.79 
76.74 

76.69 
76.64 
76.59 
76.55 
76.50 


.66 


.88 


Diff. 
Elev. 
41.45 

41.48 
41.52 

41-55 
41.58 
41.61 

41.65 
41.68 
41.71 
41.74 
41-77 

41.81 
41.84 
41.87 
41.90 
41-93 
41.97 
42.00 
42.03 
42.06 
42.09 

42.12 
42.15 
42.19 
42.22 
42.25 

42.28 
42.31 
42.34 
42.37 
42.40 


29 


.36 


.48 


.60 


Hor. 
Dist. 
76.50 

76.45 
76.40 

76.35 
76.30 
76.25 

76. 20 
76.15 
76.10 
76.05 
76.00 

75-95 
75-9° 
75-85 
75.80 

75-75 

75-7Q 
75-65 
75.60 

75-55 
75-5o 

75-45 
75.40 

75-35 
75-30 
75-25 

75.20 

75-15 
75-io 

75-o5 
75.00 


.65 


•87 


1.09 


Diff. 
Elev. 
42.40 

42.43 
42.46 
42.49 

42.53 
42.56 

42.59 
42.62 
42.65 
42.68 
42.71 

42.74 

42.77 
42.80 

42.83 
42.86 

42.89 
42.92 
42.95 
42.98 
43.01 

43-04 
43-07 
43.10 

43-13 
43.16 

43.18 
43.21 
43-24 
43-27 
43-30 


30^ 


•37 


•4<) 


.61 


Hor. 
Dist. 

75.00 

74-95 
74.90 

74-85 
74.80 

74-75 
74.70 
74-65 
74.60 

74-55 
74-49 

74-44 
74-39 
74-34 
74.29 
74.24 

74.19 
74.14 
74.09 
74.04 
73-99 

73-93 

73.88 

73.83 
73-78 
73-73 
73-68 
73-63 
73-58 
73-5^ 
73-47 


.65 


.86 


1.08 


Diff. 
Elev. 
43-30 

43-33 
43-36 
43-39 
43-42 
43-45 

43-47 
43-5Q 
43-53 
43-56 
43-59 
43.62 
43-65 
43-67 
43-7o 
43-73 
43-76 

43-79 
43.82 

43-84 
-13-87 

43-9° 

43-93 
43-95 
43-98 
44.01 

44-«4 
44.07 
44.09 
44.12 
44- 15 


■38 


•5i 


.64 
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TABLE  OF 

RADII  AND  CHORD  AND  TANGENT 
DEFLECTIONS. 

The  formulas  used  in  the  computation  of  the  following 
tables  are  as  follows: 

For  Radii,  R  =  -^.         (89.)     Art.  1249. 
sin  V  v         ' 

For  Chord  Deflections, 

^=4-         (92.)     Art.  1255. 
For  Tangent  Deflections, 

tan  deflection  =  — ~         (93.)     Art.  1255. 
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TABLE  OF   RADII   AND   DEFLECTIONS. 


Tan- 

Tan- 

Tan- 

De- 

Radii. 

Chord 
Deflec- 

K 

De- 

Radii. 

Chord 
Deflec- 

gent 

in- 

De- 

Radii. 

Chord 
Deflec- 

^ 

gree. 

tion. 

flec- 
tion. 

gree. 

tion. 

flec- 
tion. 

gree. 

i 

tion. 

flec- 
tion. 

o       / 

0    1 

0    / 

o     5 

68754 -94 

•45 

•073 

5  15 

1091.73 

9. 160 

4-580 

10  50 

529.67 

18.880 

9.440 

IO 

34377-48 

.291 

•  •45 

20 

1074.68 

9-3°5 

4-653 

•5 

22918.33 

•436 

.218 

25 

1058.16 

9-450 

4-725 

11    0 

521.67 

19.169 

9-585 

wo 

17188.76 

.582 

.291 

30 

1042.14 

9-596 

4798 

10 

5'3-9' 

•9-459 

9.729 

25 

13751.02 

•  727 

•3<M 

35 

1026.60 

9-74' 

4.870 

20 

506.38 

19.748 

9-874 

3° 

11459.19 

•873 

.436 

40 

1011.51 

9.886 

4-943 

30 

499.06 

20.038 

10.019 

35 

9822.18 

1. 018 

.509 

45 

996.87 

10.031 

5.016 

40. 

491.96 

20.327 

10. 164 

4° 

83<M-4i 

1. 164 

.582 

50 

982.64 

10.177 

5.088 

50 

485.05 

20.616 

10.308 

45 

7639.49 

1.309 

•654 

55 

968.81 

10.322 

5. 161 

SO 

6875-55 

••454 

.727 

12    0 

478.34 

20.906 

•0.453 

55 

6250.51 

1.600 

.800 

6    0 

955-37 

10.467 

5-234 

IO 

471-81 

21.195 

•0.597 

5- 

942.29 

10.612 

5.306 

20 

465.46 

21.484 

10.742 

1     0 

5729.65 

•■745 

•873 

10 

929-57 

10.758 

5-379 

30 

459.28 

21-773 

10.887 

5 

5288.92 

1.891 

-945 

•5 

917.19 

10.903 

5-451 

40 

453-26 

22.063 

1 1. 031 

10 

491 1. 15 

2.036 

1. 018 

20 

9°5 • 13 

11.048 

5-524 

50 

447-40 

22.352 

1 1. 176 

15 

4583-75 

2.182 

1 .091 

25 

893-39 

II. 193 

5-597 

20 

4297.28 

2.327 

1 .164 

30. 

881.95 

•••339 

5.669 

'3     0 

441.68 

22.641 

11.320 

25 

4°44-5> 

2.472 

1 .236 

35 

870.79 

11.48, 

5-742 

10 

436.12 

22.930 

11.465 

30 

3819.83 

2.618 

1.309 

40 

859.92 

1 1 . 629 

5.814 

20 

430-69 

23.219 

II .609 

35 

3618.80 

2.763 

1.382 

45 

849.32 

11.774 

5.887 

3° 

425.40 

23-507 

••   754 

4° 

3437-87 

2.909 

••454 

50 

838.97 

11. 910 

5.960 

40 

420.23 

23-796 

11.898 

45 

3274->7 

3-OS4 

••527 

55 

828.88 

12.065 

6.032 

50 

4'5'9 

24.085 

12.043 

5° 

3125.36 

3.200 

1.600 

55 

2989.48 

3-345 

••673 

7     0 

819.02 

12.210 

6.105 

14     0 

410.28 

24-374 

12.187 

5 

9    •!..('  1 

•2-355 

6.177 

IO 

405.47 

24.663 

12.331 

2    0 

2864.93 

3-490 

••745 

10 

800.00 

12.500 

6.250 

20 

400.78 

24-95' 

12.476 

5 

27SO-35 

3.636 

1.818 

•5 

700.81 

12.645 

6.323 

30 

396.20 

25.240 

12.620 

10 

2644.58 

3.781 

1.891 

20 

781.84 

12.700 

6-395 

40 

39' -72 

25.528 

ia.764 

15 

2546.64 

3-927 

1.963 

25 

773-07 

12.936 

6.468 

50 

387-34 

25.817 

12.908 

20 

2455-7° 

4.072 

■  2 . 036 

30 

764.49 

13.081 

6.540 

25 

2371.04 

4.218 

2.IO9 

35 

756.10 

13.226 

6.613 

IS     0 

383.06 

26.105 

•3-053 

3° 

2292.01 

4-363 

2.l8l 

40 

747-89 

'3. 37i 

6.685 

10 

378.88 

26.394 

•3- '97 

35 

2218.09 

4.508 

2  -254 

.45 

739-86 

13.516 

6.758 

20 

374-79 

26.682 

•3-341 

40 

2148.79 

4-654 

2.327 

'  5° 

732.01 

13.661 

6.831 

30 

370.78 

26.970 

13-485 

45 

2083.68 

4-799 

2.4OO 

55 

724.31 

13.806 

6.903 

40 

366.86 

27.258 

13.629 

5° 

2)22.41 

4-945 

2.472 

50 

363.02 

27-547 

•3-773 

55 

1964.64 

5.090 

2-545 

S     0 

7.6.78 

•}-95« 

6.976 

5 

709  4° 

14.096 

7.048 

359-26 

27.835 

•3-9'7 

3     0 

1910.08 

5-235 

2.618 

10 

702 . 1 8 

14.241 

7. 121 

11 1 

355-59 

28.123 

14.061 

■858.47 

5-38' 

2.690 

•5 

695.09 

•4-387 

7-'93 

20 

35I-98 

28.411 

14.205 

10   1    18  K).57 

5-526 

2.763 

20 

688.16 

'4-532 

7.266 

3° 

348.45 

28 . 699 

■4-349 

1]       1763.18 

5-672 

2.836 

25 

681.35 

14.677 

7.338 

40 

344-99 

28.986 

'4-493 

1719.12 

5.817 

2.908 

30 

674-69 

14.822 

7.411 

5° 

34 1 . 6. . 

29.274 

•4  637 

25 

1677.20 

5.962 

2.981 

35 

668.15 

7.483 

30. 

1637.28 

6.108 

3-°54 

40 

661 .74 

15.112 

7.556 

17     0 

338.27 

29.562 

14-781 

35 

I59J-21 

6253 

3.127 

45 

655-45 

•5-257 

7.628 

1  1 

335-o> 

29.850 

14.925 

40 

1562.88 

6.308 

5  ■' 

649.27 

15.402 

7.701 

2  > 

33>-82 

jo.  137 

15.069 

45 

1528.16 

6-544 

3.272 

55 

643.22 

•5-547 

7-773 

30 

328.68 

30-425 

15.212 

53 

•494-95 

6.689 

3-345 

325.60 

30.712 

•5-356 

55 

1463.16 

6.835 

3-4"7 

9     0 

5 

637.27 
631-44 

15-692 
■5-837 

7.846 
7.918 

50 

322.59 

31.000 

15.500 

4     0 

1432.69 

6  980 

3-49° 

10 

625.71 

15.982 

7-99« 

18    0 

319.62 

31.287 

15.643 

5 

1403.46 

7.125 

3-563 

•S 

16.127 

8.06$ 

IO 

316.71 

3' -574 

15.787 

ii> 

•375-40 

7.271 

3  635 

20 

614.56 

16.272 

8.136 

20 

3'3-86 

31   861 

15.931 

'5 

•348.45 

7.416 

3-7o8 

25 

609. 14 

16.417 

8.208 

30 

311.06 

32-M9 

16.074 

2  j 

•322.53 

7.561 

3-78i 

30 

16.562 

8.281 

40 

308.30 

32-436 

16.218 

25 

1297.58 

7-707 

3-853 

35 

598.57 

16.707 

8-353 

50 

305.60 

32723 

16.361 

33 

■273-57 

7.852 

3.926 

40 

593-42 

16.852 

8.426 

35 

7-997 

J- 999 

45 

588.36 

16.996 

8.498 

19   0 

302.94 

33.010 

16.505 

4^> 

1228.11 

8-143 

50 

583.38 

17. 141 

8.571 

IO 

300.33 

33-296 

16.648 

45 

1216.57 

8.288 

4    '44 

«5 

578.49 

17.286 

8.643 

20 

-"17-77 

33.583 

16.792 

S  ' 

•185.78 

ff.433 

4.217 

295-25 

33.87<> 

i6.935 

55 

1 1(15. 70 

4.289 

573  69 

17.431 

8.716 

4" 

292.77 

34- '57 

17  078 

IO 

564-3' 

17.721 

8.860 

5" 

290.33 

17.222 

5     <> 

1-146.28 

8.724 

20 

555-»3 

18.01 1 

9.005 

5 

1127.5-. 

8.869 

4-435 

30 

546.44 

18.300 

9.150 

287.94 

'7-365 

10 

1109.33 

9.014 

4-5°7 

40 

537-92 

18.500 

9-295 
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MOMENTS  OF  INERTIA. 


Form  of 
Section. 


Dotted  Line  Shows  Position 
of  Neutral  Axis. 


_fc&± 


1.  Rect- 
angle . 


2.  Square  . . 


3.  Axis 

through 
Diagonal 

4.  Hollow 

Square 

5.  Hollow 

Rect 
angle,  I 
or  Chan- 
nel Iron 

6.  Triangle 


7.  Cross 


8.  Angle 
Iron.. 


bd 


d* 


d* 


sw" 


12 


d*-d,* 


bd  -  by  dy 


•d* 


,(d*-d1*) 


.7VTd 


9.  Circle. 


10.  Hollow 
Circle.. 


11.  Ellipse.. 


12.  Hollow 
Ellipse. 


[-6- J  "S3 


Id 

-d-ht- 


td+t,b 


bd  -  bx  dy 


m 


Ad*  -  dy*) 


■bd 


(bd-bydy) 


^(bd'-bydy*) 

y 

k1"" 

Mf 

^(td*  +  bty*) 

V 

(bd*-  bydy*)* -Abdbydyid -dy)* 

d 

•1 

,bydy(      d-dy 

"*"    a   ^bd-byd 

\2(bd-bydy) 

wd* 
64 

fr 

*(d*-dy*) 

64 

{- 

wbd* 
64 

^ 

W(bd*-b,dy») 

64 

4- 
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BENDING  MOMENTS  AND  DEFLECTIONS. 


Manner  <>f  Supporting 
Beams. 


Maximum 
Bending 

Moment,  M 


Maximum 
Deflection,  s. 


Remarks. 


*. 


^ 


-I, H 


%~W 


„       pDQQQQQCm 


wi 


'•'•,/,+»',/, 


wl* 
2 


*£+wl 


Wl 
4 


1  Wl* 

8    El 


8   £7 


1  Wl*      I  Wl* 

3  £v  +  8  ^7 


1  Wl* 
48£'/ 


;r 


/,/, 


wl* 
8 


:JT/ 


8 


FT/ 

8 


12 


5    Wl* 
884  £V 


Wl* 
.0182-^ 


Wl* 
EI 


±_wj2 

192  £•/ 


_1_  »V» 
884  EJ 


Cantilever,  load  at  free 
end. 


Cantilever,  more  than 
one  load. 


Cantilever,  uniform 
load  w  lb.  per  unit 
of  length. 


Cantilever,  load  partly- 
uniform,  partly  con- 
centrated. 


Simple  beam,  load  at 
middle. 


Simple  beam,  load  at 
some  other  point 
than  the  middle. 


Simple       beam,      uni- 
formly loaded. 


One  end  fixed,  other 
end  supported,  load 
in  the  middle. 


One  end  fixed,  other 
end  supported,  uni- 
formly loaded. 


Both  ends  fixed,  load 
in  '.he  middle. 


Both   ends   fixed,  uni- 
formly loaded. 
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SPECIFIC  GRAVITIES  AM)  WEIGHTS 
PER   CUBIC    FOOT. 


METALS. 


Substance. 


Osmium 

Platinum 

Gold 

Mercury 

Lead  (cast). .  . 

Silver 

Copper  (cast) . 

Brass 

Wrought  Iron 
Cast  Iron 

Steel 

Tin  (cast) 

Zinc  (cast)  .  .  . 
Antimony.  .  .  . 
Aluminum  . .  . 


WOODS. 


Substance. 


Weight  per 
Cubic  Foot 
in  Pounds. 


Ash 

Beech 

Cedar 

Cork 

Ebony  (American) 

Lignum-vitae 

Maple 

Oak  (old) 

Spruce 

Pine  (yellow) 

Pine  (white) 

Walnut 
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LIQUIDS. 


Substance. 


Specific 
Gravity. 


Weight 

per 

Cubic  Foot 

in  Pounds. 


Acetic  Acid 

Nitric  Acid 

Sulphuric  Acid 

Muriatic  Acid 

Alcohol 

Turpentine 

Sea  Water  (ordinary) 
Milk 


1.062 
1. 217 
1. 841 
1. 200 
.800 
.870 
1.026 
1.032 


66.4 

76.1 

1x5.1 

75-° 
50.0 

54-4 
64. 1 

64- 5 


GASES. 

At  32°  F.,  and  under  a  Pressure  of  One  Atmosphere. 


Substance. 


Atmospheric  Air 

Carbonic  Acid 

Carbonic  Oxide 

Chlorine 

Oxygen  

Nitrogen 

Smoke  (bituminous  coal) 

Smoke  (wood) 

*Steam  at  212°  F 

Hydrogen 


Specific 
Gravity. 

Weight 

per 

Cubic  Foot 

in  Pounds. 

1. 0000 

.08073 

1.5290 

.12344 

.9674 

.07810 

2.4400 

. 19700 

1. 1056 

.08925 

•9736 

.07860 

.  1020 

.00815 

.0900 

.00727 

.4700 

.03790 

.0692 

•°°559 

*  The  specific  gravity  of  steam  at  any  temperature  and  pressure  com- 
pared with  air  at  the  same  temperature  and  pressure  is  0.622. 
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MISCELLANEOUS. 


Substance. 


Weight 

per 

Cubic  Foot 

in  Pounds. 


Emery 

Glass  (average) 

Chalk 

Granite 

Marble 

Stone  (common) 

Salt  (common) 

Soil  (common) 

Clay 

Brick 

Plaster  Paris  (average) 
Sand 


250 

175 

i74 
166 
169 

158 

*33 
124 
121 
118 
125 
"3 
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RULES  AND   FORMULAS. 


FORMULAS  USED  IN  ALGEBRA. 

Let  a  and  b  be  any  two  quantities,  then, 

[a  +  b)1  =.  if  +  2ab  +  b\  (1 .)     Art.  432. 

(a  -  by  =  a1  -  %ab  +  b\  (2.)     Art.  432. 

[a  +  b)(a  -b)=a*  -  b\  (3.)     Art.  432. 

t'+Zab+b1  =  (a+b){a+b)  =  (a+b)\  (4.)     Art.  455. 

*•-  Kab+b1  =  (a-b)(a-b)  =  (a-b)\  (5.)     Ait.  455. 

a*  -  b1  =  (a  +  b)(a  -  b).  (6.)     Art.  462. 

Let  ax*  -\-  bx  =  c  be  any  quadratic  equation  (it  must  be 
borne  in  mind  that  b  and  c  may  be  positive  or  negative) ; 

then, 


--l*.*ffi+<'-'*ZTB>  — 


THE    TRIGONOMETRIC    FUNCTIONS. 
Art.  754. 

_  ,. .  side  opposite 

Rule  1. — Sine  —    .    ^  y . 

hypotenuse 

Rule  2. — Side  opposite  =  hypotenuse  x  sine. 

_.  ~    .  side  adjacent 

Rule  3. — Cosine  =  —. -f- . 

hypotenuse 

Rule  4. — Side  adjacent  =  hypotenuse  X  cosine. 
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„  M       side  opposite 

Rule  5. —  lansrent  =  —rj — ^f. -. 

side  adjacent 

Rule  6. — Side  opposite  =  side  adjacent  x  tangent. 

■  '*-'■*■*      side  adjacent 

Rule  7. — Cotangent  =  — —. — - : — . 

°  side  opposite 

Rule  8. — Side  adjacent  =  side  opposite  x  cotangent. 

side  opposite 


Rule  9. — Hypotenuse 


sine 


_  ,,  side  adjacent 

Rule  lO. — Hypotenuse  =  —    — -. 

cosine 


RULES    FOR     USING    TABLE     OF     LOGARITHMS 
OF    NUMBERS. 
Arts.    625-636. 

I.  To  find  the  Characteristic. — For  a  number  greater 
than  1  the  characteristic  is  one  less  than  the  number  of  in- 
tegral places  in  the  number.  For  a  number  wholly  decimal 
the  characteristic  is  negative,  and  is  numerically  one  greater 
than  the  number  of  ciphers  between  the  decimal  point  and  the 
first  digit  of  the  decimal. 

II.  To  find  the  Logarithm  of  a  Number  not  hav- 
ing more  than  four  figures. — Find  the  first  three  sig- 
nificant figures  of  the  number  whose  logarithm  is  desired  in 
the  left-hand  column  ;  find  the  fourth  figure  in  the  column  at 
the  top  {or  bottom)  of  the  page,  and  in  the  column  under  {or 
above)  this  figure,  and  opposite  the  first  three  figures  previously 
found,  will  be  the  mantissa,  or  decimal  part,  of  the  logarithm. 

The  characteristic  being  found  as  described  above,  write  it  at 
the  left  of  the  mantissa,  and  the  resulting  expression  will  be 
the  logarithm  of  the  required  number. 

III.  To  find  the  Logarithm  of  a  Number  con- 
sisting of  five  or  more  figures. 

(a)  If  the  number  consists  of  mofe  than  five  figures,  and 
the  sixth  figure  is  5  or  greater,  increase  the  fifth  figure  by  1, 
and  write  ciphers  in  place  of  the  sixth  and  remaining  figures. 
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(b)  Find  the  mantissa  corresponding  to  the  logarithm   of 
the  first  four  figures,  and  subtract  this  mantissa  from   the 
next  greater  mantissa  in   the  table ;   the   remainder  is  the 
difference. 

(c)  Find  in  the  secondary  table  headed  P.  P.  a  column 
headed  by  the  same  number  as  that  just  found  for  the  differ- 
ence, and  in  this  column  opposite  the  number  corresponding  to 
the  fifth  figure  (or  fifth  figure  increased  by  1)  of  the  given 
number  (this  figure  is  always  situated  at  the  left  of  the 
dividing  line  of  the  column)  will  be  found  the  P.  P.  (propor- 
tional part)  for  that  number.  The  P.  P.  thus  found  is  to  be 
added  to  the  mantissa  found  in  (b),  and  the  result  is  the 
mantissa  of  the  logarithm  of  the  given  number,  as  nearly  as 
may  be  found  with  five-place  tables. 

IV.  To  find  a  Number  whose  Logarithm  is 
given.— 

(a)  Consider  the  mantissa  first.  Glance  along  the 
different  columns  of  the  table  which  are  headed  O  until  the 
first  tzvo  figures  of  the  mantissa  arc  found.  Then  glance 
down  the  same  column  until  the  third  figure  is  found  (or  1 
less  than  the  third  figure).  Having  found  the  first  three 
figures,  glance  to  the  right  along  the  row  in  which  they  are 
situated  until  the  last  three  figures  of  the  mantissa  are  found. 
Then  the  number  which  heads  the  column  in  which' the  last 
three  figures  of  the  mantissa  are  found  is  the  fourth  figure 
of  the  required  number,  and  the  first  three  figures  lie  in  the 
column  headed  N,  and  in  the  same  row  in  which  lie  the  last 
three  figures  of  the  mantissa. 

•  (b)  If  the  mantissa  cannot  be  found  in  the  table,  find  the 
mantissa  which  is  nearest  to,  but  less  than,  the  given  mantissa, 
and  which  call  the  next  less  mantissa.  Subtract  the  next  less 
mantissa  from  the  next  greater  mantissa  in  the  table  to  obtain 
the  difference.  Also  subtract  the  next  less  mantissa  from  the 
mantissa  of  the  given  logarithm,  and  call  the  remainder  the 
P.  P.  Looking  in  the  secondary  table  headed  P.  P.  for  the 
column  headed  by  the  difference  just  found,  find  the  number 
opposite  the  P.  P.  just  found  (or  the  P.  P.  corresponding  most 
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nearly  to  that  just  found)  ;  this  number  is  t  lie  fifth  figure  of 
t lie  required  number  ;  the  fourth  figure  will  be  found  at  the 
top  of  the  column  containing  the  next  less  mantissa,  and  the 
first  three  figures  in  the  column  headed  A',  and  in  the  same 
raw  which  contains  the  next  less  mantissa. 

(c)  Having  found  the  figures  of  the  number  as  above 
directed,  locate  the  decimal  point  by  the  rules  for  the  charac- 
teristic, annexing  ciphers  to  bring  the  number  up  to  the  re- 
quired number  of  figures  if  the  characteristic  is  greater  than  £. 


RULES    FOR    USING    TRIGONOMETRIC    TABLES. 

Given,  an  angle,  to  find  its  sine,  cosine,  tangent, 
and  cotangent. 

Rule  1 1. — Find  in  the  table  the  sine,  cosine,  tangent,  or  co- 
tangent corresponding  to  the  degrees  and  minutes  of  the  angle. 

For  the  seconds,  find  the  difference  of  the  values  of  the  sine, 
cosine,  tangent,  or  cotangent  taken  from  the  table,  between 
which  the  seconds  of  the  angle  fall ;  multiply  this  difference  by 
a  fraction  whose  numerator  is  the  number  of  seconds  in  the 
given  angle,  and  whose  denominator  is  60. 

If  sine  or  tangent,  add  this  correction  to  the  value  first  found; 
if  cosine  or  cotangent,  subtract  the  correction.     Art.  756. 

Given,  the  sine,  cosine,  tangent,  or  cotangent  to 
find  the  angle  corresponding. 

To  find  the  angle  corresponding  to  a  given  sine,  cosine, 
tangent,  or  cotangent  whose  exact  value  is  not  contained  in 
the  table: 

Rule  12. — Find  the  difference  of  the  two  numbers  in  the 
table  between  which  the  given  sine,  cosine,  tangent,  or  co- 
tangent falls,  and  use  the  number  of  parts  in  this  difference 
as  the  denominator  of  a  fraction. 

Find  the  difference  between  the  number  belonging  to  the 
smaller  angle,  and  the  given  sine,  cosine,  tangent,  or  cotangent, 
and  use  the  number  of  parts  in  the  difference  just  found  as  the 
numerator  of  the  fraction  mentioned  above.  Multiply  this 
fraction  by  60,  and  the  result  will  be  the  number  of  seconds  to 
be  added  to  the  smaller  angle.     Art.  758. 
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RULES    FOR   MENSURATION. 


THE  TRIANGLE. 

Rule. —  The    area   of  any   triangle   equals   one-half  the 
product  of  the  base  and  the  altitude.     Art.  766. 


THE  QUADRILATERAL. 

To  find  the  area  of  a  parallelogram: 

Rule. —  The  area  of  any  parallelogram  equals  the  product 
of  the  base  and  the  altitude.     Art.  777. 

To  find  the  area  of  a  trapezoid: 

Rule. —  The  area  of  a  trapezoid  equals  one-half  the  sum  of 
the  parallel  sides  multiplied  by  the  altitude.     Art.  778. 

To  find  the  area  of  an  irregular  figure  bounded  by  straight 
lines: 

Rule. — Divide  the  figure  into  triangles,  and  find  the  area 
of  cacJi  triangle  separately.  The  sum  of  the  areas  of  all  the 
triangles  will  be  the  area  of  the  figure.     Art.  779. 


THE  CIRCLE. 

To  find  the  circumference  or  diameter  of  a  circle: 

Rule. —  The  circumference  of  a  circle  equals  the  diameter 
multiplied  by  3.11^16.     Art.  780. 

Rule. —  The  diameter  of  a  circle  equals  the  circumference 
divided  by  3.1416.     Art.  780. 

To  find  the  length  of  an  arc  of  a  circle: 

Rule. —  The  length  of  an  arc  of  a  circle  equals  the  circum- 
ference of  the  circle  of  which  the  arc  is  a  part  multiplied  by  the 
number  of  degrees  in  the  arc,  and  divided  by  360.       Art.  781 . 

To  find  the  area  of  a  circle: 

Rule. — Square  the  diameter,  and  multiply  by  .786^,  Art. 
782. 

Given,  the  area  of  a  circle  to  find  its  diameter: 

Rule. — Divide  the  area  by  .7854,  and  extract  the  square 
root  of  the  quotient.     Art.  783. 
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To  find  the  area  of  a  sector: 

Rule. — Divide  the  number  of  degrees  in  the  arc  of  a  sector 
by  360.  Multiply  the  result  by  the  area  of  the  circle  of  which 
the  sector  is  a  part.     Art.  784. 

To  find  the  area  of  a  segment  of  a  circle: 

Rule. — Draiv  radii  from  the  center  of  the  circle  to  the 
extremities  of  the  arc  of  the  segment ;  find  the  area  of  the 
sector  thus  formed,  subtract  from  this  the  area  of  the  triangle 
formed  by  the  radii  and  the  chord  of  the  arc  of  the  segment, 
and  the  result  is  the  area  of  the  segment.     Art.  785. 


THE    ELLIPSE. 

To  find  the  perimeter  of  an  ellipse: 

flute.— Multiply  the  major  axis  by  1.82,  and  the  minor  axis 
by  1.315.  The  sum  of  the  results  will  be  the  perimeter.  Art. 
788. 

To  find  the  exact  area  of  an  ellipse: 

Rule. — The  area  of  an  ellipse  is  equal  to  the  product  of  its 
two  diameters  multiplied  by  .785 Jf.     Art.  789. 

To  find  the  area  of  any  plane  figure: 

Rule. —  The  area  of  any  plane* figure  may  be  found  by 
dividing  it  into  triangles,  quadrilaterals,  circles  or  parts  of 
circles,  and  ellipses,  finding  the  area  of  each  part  separately, 
and  adding  them  together.     Art.  790. 


THE   PRISM   AND  CYLINDER. 

To  find  the  area  of  the  convex  surface  of  any  right  prism 
or  right  cylinder: 

Rule. — Multiply  the  perimeter  of  the  base  by  the  altitude. 
Art.  803. 

To  find  the  volume  of  a  right  prism  or  cylinder: 

Rule. —  The  volume  of  any  right  prism  or  cylinder  equals 
the  area  of  the  base  multiplied  by  the  altitude.     Art.  804. 
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THE  PYRAMID   AND   CONE. 

To  find  the  area  of  a  right  pyramid  or  right  cone : 
Rule. —  The  convex  area  of  a  right  pyramid  or  cone  equals 

the  perimeter  of  the  base  multiplied  by  one-half  the  slant 

height.     Art.  809. 

To  find  the  volume  of  a  right  pyramid  or  cone : 

Rule. —  The  volume  of  a  right  pyramid  or  cone  equals  the  area 

of  the  base  multiplied  by  one-third  of  the  altitude.     Art.  810. 


THE  FRUSTUM  OF  A  PYRAMID  OR  CONE. 

To  find  the  convex  area  of  a  frustum  of  a  right  pyramid 
or  right  cone : 

Rule. —  The  convex  area  of  a  frustum  of  a  right  pyramid 
or  right  cone  equals  one-half  the  sum  of  the  perimeters  of  its 
bases  multiplied  by  the  slant  height  of  the  frustum.  Art. 
814. 

To  find  the  volume  of  the  frustum  of  a  pyramid  or  cone: 

Rule. — Add  the  areas  of  the  upper  base,  the  lozvcr  base,  and 
the  square  root  of  the  product  of  the  areas  of  the  two  bases  ; 
multiply  this  sum  by  one-third  of  the  altitude.     Art.  815. 


THE  SPHERE. 

To  find  the  area  of  the  surface  of  a  sphere : 

Rule. —  The  area  of  the  surface  of  a  sphere  equals  the  square 
of  the  diameter  multiplied  by  3.  lJf.16.     Art.  817. 

To  find  the  volume  of  a  sphere: 

Rule. —  The  volume  of  a  sphere  equals  the  cube  of  the  diam- 
eter multiplied  by  .5236.     Art.  818. 


FORMULAS    USED    IN    ELEMENTARY 
MECHANICS. 


UNIFORM   MOTION. 

Let  5  =  the  length  of  space  passed  over  uniformly ; 

/  =  the  time  occupied  in  passing  over  the  space  S; 
V=  the  velocity. 
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r=y.  (7.)     Art.  859. 

S  =  Vt.  (8.)     Art.  859. 

/  =  y.  (9.)     Art.  859. 


MASS,  WEIGHT,   AND  GRAVITY. 

If  the  mass  of  the  body  be  represented  by  in,  its  weight 
by  JV,  and  the  force  of  gravity  at  the  place  where  the  body, 
was  weighed  by  g,  we  have 

weight  of  body  W  /„^\      »_/««« 

mass  =  -c — ^—. r^,  or  m  =  — .  (lO.)     Art.  888. 

force  of  gravity  g 


FORMULAS  FOR   GRAVITY   PROBLEMS. 

Let  W =  weight  of  body  at  the  surface; 

w  =  weight  of  a  body  at  a  given  distance  above  or 

below  the  surface ; 
d  =  distance  between  the  center  of  the  earth  and  the 

center  of  the  body ; 
R  =  radius  of  the  earth  =  4,000  miles. 

Formula  for  weight  when  the  body  is  below  the  surface : 

wR  =  d\V.  (11.)     Art.  891. 

Formula  for  weight  when  the  body  is  above  the  surface : 

w  d*  =  IV  K*.  (12.)     Art.  891. 


FALLING   BODIES. 

Let  g=  force  of  gravity  =  constant  accelerating  force  due 
to  the  attraction  of  the  earth ; 
/  =  number  of  seconds  the  body  falls ; 
v  =  velocity  at  the  end  of  the  time  /; 
h  =  distance  that  a  body  falls  during  the  time  /. 

v  =  gt.  (13.)     Art.  896. 

That  is,  the  velocity  acquired  by  a  freely  falling  body  at  the 
end  of  t  seconds  equals  88, 16  multiplied  by  the  time  in  seconds. 

t  =  ~.  (14.)     Art.  896. 
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That  is,  the  number  of  seconds  during  which  a  body  must 
have  fallen  to  acquire  a  given  velocity  equals  the  given  velocity 
in  feet  per  second  divided  by  32. 16. 

h  =  £-.         (15.)     Art.  896. 
2g 

That  is,  the  height  from  which  a  body  must  fall  to  acquire 
a  given  velocity  equals  the  square  of  the  given  velocity  divided 
by  2  X82.16. 


v-^/Tgh.  (16.)     Art.  896. 

That  is,  the  velocity  that  a  body  will  acquire  in  falling 
through  a  given  height  equals  the  square  root  of  the  product 
of  twice  82. 16  and  the  given  height. 

h  =  ±gt\  (17.)     Art.  896. 

That  is,  the  distance  a  body  will  fall  in  a  given  time  equals 
32.16  -i-  2  multiplied  by  the  square  of  the  number  of  seconds. 

t  =  l/^A.  (18.)     Art.  896. 

g 

That  is,  the  time  it  will  take  a  body  to  fall  through  a  given 
height  equals  the  square  root  of  twice  the  height  divided  by 
32.16. 


CENTRIFUGAL    FORCE. 

The  value  of  the  centrifugal  force  of  any  revolving  body, 
expressed  in  pounds,  is 

F  =.00034  WRN1;  (19.)     Art.  903. 

in  which  F  —  centrifugal  force; 

IV  =  total  weight  of  body  in  pounds; 

R  =  radius,  usually  taken  as  the  distance  be- 
tween the  center  of  motion  and  the  cen- 
ter of  gravity  of  the  revolving  body,  in 
feet; 

N  =  number  of  revolutions  per  minute. 
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THE  CENTER   OF   GRAVITY   OF   TWO  BODIES. 

Let    /  =  the  distance  between  the  centers  of  the  bodies; 
/,  =  the  short  arm; 
w  =  weight  of  small  body ; 
W=  weight  of  large  body. 

/'  =  W^T-  (20'>    Art-911- 

THE  EFFICIENCY   OF   A   MACHINE. 

Let  F  =  the  force  applied  to  the  machine; 
V  =  the  velocity  ratio  of  the  machine ; 
IV  =  the  weight  actually  lifted  or  equivalent  resist- 
ance overcome; 
E  =  the  efficiency  of  the  machine ; 

W 
Then,  E  =  -py.  (22.)     Art.  950. 

WORK. 

If  the  force  necessary  to  overcome  the  resistance  be  repre- 
sented by  F,  the  space  through  which  the  resistance  acts  by 
S,  and  the  work  done  by  U,  then  U  =  F  S. 

If  W=  the  weight  of  a  body,  and  h  =  the  height  through 
which  it  is  raised,  [/=  W  h.      Hence  the  work  done 

U=FS=lVh.  (23.)     Art.    953. 


POWER. 

The  power  of  a  machine  may  always  be  determined  by 
dividing  the  work  done  in  foot-pounds  by  the  time  in  minutes 
required  to  do  the  work;  i.  e., 

FS 
Power  =  -^-.  (24.)     Art.  954. 


KINETIC   ENERGY. 

Let  W '=  the  weight  of  the  body  in  pounds; 
v  =  its  velocity  in  feet  per  second ; 
//  =  the  height  in  feet  through  which  the  body  must 
fall  to  produce  the  velocity  v\ 

W 

in  =  the  mass  of  the  body  =  — .     (See  formula  lO.) 
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The  work  necessary  to  raise  a  body  through  a  height  h  is 
Wh.     The   velocity   produced  in   falling   a    height   h  is   v 

=  Y%jrti,  and  h  =  -—.     (See  formulas  15  and  16.) 

2g      x  ' 

v*  W 

Therefore,  work  =  Wh  =  W—  =|x  — x^  =  lw^,  or 

%g  g 

Wh  =  i  m  v\  (25.)     Art.  957. 


DENSITY. 

The  density  of  a  body  is  its  mass  divided  by  its  volume 
in  cubic  feet. 

Let  D  be  the  density ;  then  the  density  of  a  body  is 

;;/  W  W 

D  =  ^j.     Since  m  =  —,D  =  -2L  (26.)     Art.  962. 

V  g gV 


RULES    AND     FORMULAS    USED     IN    HYDRO- 
MECHANICS. 


PASCAL'S  LAW. 

Rule  I. —  The  pressure  per  unit  of  area  exerted  anywhere 
upon  a  mass  of  liquid  is  transmitted  undiminished  in  all 
directions,  and  acts  with  the-  same  force  upon  all  surfaces  in 
a  direction  at  right  angles  to  those  surfaces. 


THE  GENERAL  LAW  FOR  THE  DOWNWARD  PRESSURE 
UPON  THE  BOTTOM  OF  ANY  VESSEL. 

Rule  II. —  The  pressure  upon  the  bottom  of  a  vessel  con- 
taining a  fluid  is  independent  of  the  shape  of  the  vessel,  and 
is  equal  to  the  weight  of  a  prism  of  the  fluid  whose  base  has 
the  same  area  as  the  bottom  of  the  vessel,  and  whose  altitude 
is  the  distance  between  the  bottom  and  the  upper  surface  of 
the  fluid  plus  the  pressure  per  unit  of  area  upon  the  upper 
surface  of  the  fluid  multiplied  by  the  area  of  the  bottom  of 
the  vessel. 

GENERAL   LAW   FOR   UPWARD   PRESSURE. 

Rule  III. —  The  upward  pressure  on  any  submerged  hori- 
zontal surface  equals  the  weight  of  a  prism  of  the  liquid 
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whose  base  has  an  area  equal  to  the  area  of  the  submerged 
surface,  and  whose  altitude  is  the  distance  between  the  sub- 
merged surface  and  the  upper  surface  of  the  liquid  phis  the 
pressure  per  unit  of  area  on  the  upper  surface  of  the  fluid 
multiplied  by  the  area  of  the  submerged  surface. 


GENERAL  LAW  FOR  LATERAL  PRESSURE. 

Rule  IV. —  The  pressure  upon  any  vertical  surface  due  to 
the  weight  of  a  liquid  is  equal  to  the  weight  of  a  prism  of 
the  liquid  ivhose  base  has  the  same  area  as  the  vertical  sur- 
face, and  whose  altitude  is  the  depth  of  the  center  of  gravity 
of  the  vertical  surface  below  the  level  of  the  liquid. 

Any  additional  pressure  is  to  be  added  as  in  the  previous 
cases.  

GENERAL    LAW   FOR   PRESSURE. 

Rule  V. —  The  pressure  exerted  by  a  fluid  in  any  direction 
upon  any  surface  is  equal  to  the  weight  of  a  prism  of  the 
fluid  zvhose  base  is  the  projection  of  the  surface  at  right  angles 
to  the  direction  considered,  and  tvhose  height  is  the  depth  of 
the  center  of  gravity  of  the  surface  below  the  level  of  the 
liquid. 

SPECIFIC   GRAVITY. 

Let  Wbe  the  weight  of  the  solid  in  air  and  IV  the  weight 
in  water;  then,  \V  —  \V  =  the  weight  of  a  volume  of  water 
equal  to  the  volume  of  the  solid,  and 

W 
Sp.  Gr.  =  iyr  (27.)     Art.  991. 

If  the  body  be  lighter  than  water,  a  piece  of  iron  or  other 
heavy  substance  must  be  attached  to  it  sufficiently  heavy 
to  sink  both.  Then  weigh  both  bodies  in  air  and  both  in 
water. 

Let  W  =  weight  of  both  bodies  in  air; 
]V  =  weight  of  both  bodies  in  water; 
w  =  weight  of  light  body  in  air; 
Wx  =  weight  of  heavy  body  in  air; 
W%  =  weight  of  heavy  body  in  water. 
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Then,  the  specific  gravity  of  the  light  body  is  given  by 


w 


SP.Gr.=  {W_wl)_{W_Wi)-  (28.)     Art.  992. 

To  find  the  specific  gravity  of  a  liquid- 

Weigh  an  empty  flask  ;  fill  it  with  'water,  then  weigh  it, 
and  find  the  difference  between  the  two  results ;  this  will 
equal  the  weight  of  the  water.  Then  weigh  the  flask  filled 
with  the  liquid  and  subtract  the  weight  of  the  flask  ;  the  re- 
sult is  the  weight  of  a  volume  of  the  liquid  equal  to  the 
volume  of  the  water.  The  weight  of  the  liquid  divided  by 
the  weight  of  the  ivater  is  the  specific  gravity  of  the  liquid. 

Let  W  =  the  weight  of  the  flask  and  liquid ; 
W  =  the  weight  of  the  flask  and  water; 
w  =  the  weight  of  the  flask. 

Then  W  —  w 

inen'  Sp.  Gr.  =jp^-  (29.)     Art.  993. 


FORMULAS    FOR    FLOW    OF    WATER. 


MEAN   VELOCITY. 

Let  Q  =  the   quantity   in    cubic   feet   which  passes  any 
section  in  1  second ; 
A    =  the  area  of  the  section  in  square  feet ; 
vm  =  the  mean  velocity  in  feet  per  second. 

Then,  Q=Avm,         (31.)     Art.  1003. 

and  z'm  =  7[-  (32,)     Art    1003- 

VELOCITY   OF    EFFLUX   FROM   AN   ORIFICE. 

Let   v  =  the  velocity  of  efflux  in  feet  per  second ; 
//  =  the  head  in  feet  on  the  orifice  considered; 
//,  =  the  head  equivalent  to  a  pressure/; 
W=the   weight   of   the   water    in    pounds    flowing 
through  the  aperture  per  second. 

Wv1 
The  kinetic  energy  of  the  issuing  water  —  — — . 
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The  work  the  issuing  water  can  do  =  W  h. 

Wh  =  ^-,  or  v  =  <f%gh.  . 

P 
h  =  -7^7,  where  //(   is  in  feet,  and  /  in  pounds  per 

square  inch. 

P 
•    hx  =  £ok»  where  /i1  -is  in  feet,  and  /  in  pounds  per 

square  foot. 
h  +  hx  =  the  total  head. 


v  =  i/>Zg(/ij  +  /i).  (33.)     Art.  1007. 

If  a  is  the  area  of  a  large  orifice  in  the  bottom  of  a  small 
vessel  whose  area  is  A,  the  velocity  is 


v\     2<g"^  •  (35.)     Art.  IOIO. 

1_  IP 
Actual  velocity  of  efflux  from  a  small  square-edged  orifice: 

v=.  98/^7^  (36.)     Art.  1013. 

Actual  quantity  discharged   from    a  small  square-edged 
orifice: 

Q=.615Av.  (37.)     Art.  1015. 


THEORETICAL  AND   ACTUAL  DISCHARGE. 

Let  Q   =  theoretical  number  of  cubic  feet  discharged  per 

second ; 
vm  =  theoretical  mean  velocity  through  orifice  in  feet 

per  second  =  Q  -j-  A  ; 
A    =  area  of  orifice  in  square  feet ; 
h    =  theoretical    head    necessary    to    give    a    mean 

velocity  vm. 
Qa  =  actual   quantity   discharged  in    cubic    feet   per 

second. 

Then,   for  an  orifice   in  a  thin  plate,   or  a  square-edged 
orifice   (the  hole  itself   may  be  of   any  shape,    triangular, 
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square,  circular,  etc.,  but  the  edges  must  not  be  rounded), 
the  actual  quantity  discharged  is: 


Qa  =  .015  Q  =  .015  A  vm  =  .615A\/%gh.  (38.) 

Art.  1017. 
For  a  discharge  through  a  short  tube, 

Qa=.Sl5  Q=.S15A  vm=.&15Atf  %gh.     (39.)   Art.  1017. 
For  a  discharge  through  a  mouthpiece, 


Qa=.W  Q=.WAvm=.WA\/%gh.  (40.)    Art.  1017. 

For  a  discharge  through  the  compound  mouthpiece,  the 
area  of  the  orifice  being  taken  as  the  area  of  the  smallest 
section, 

Qa  =  1.5520  Q=l. 5520  Avm-  1.5516  A  ^Tgh.  (41.) 

Art.  IOI 7. 

In  these  four  formulas  it  is  taken  for  granted  that  there 
is  a  constant  head. 

FLOW   OF  WATER  THROUGH   WEIRS. 

If  d=  the  depth  of  the  opening  in  feet,  and  b  its  breadth 
in  feet,  the  area  of  the  opening  is  A  =  d  x  b,  and  the  theo- 
retical discharge  is  Q  =  d  X  b  X  vm  =  db  X  f  4/  %gh  = 
\bd \/ 2gd,  the  head  for  this  case  being  taken  as  d. 

The  actual  discharge  is 


£,=  .015  0  =.015  X  \bdtf'lgd  =  Alb  fag  d\  (42.) 

Art.  1020. 

That  is,  the  actual  discharge  through  a  weir  in  cubic  feet 
per  second,  whose  top  is  on  a  level  with  the  upper  surface  of 
the  water \  is  equal  to  .J+l  multiplied  by  the  breadth  of  the 
weir,  multiplied  by  the  square  root  of  2  g  times  the  cube  of  the 
depth  of  the  weir.     All  dimensions  are  to  be  taken  in  feet. 

To  obtain  the  mean  velocity  vm,  divide  the  actual  discharge 
by  the  area  of  the  weir,  or 

v- = %  =  h-      (43,)  Art-  *  °2°- 
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For  a  weir  whose  upper  edge  is  below  the  level  of  the 
upper  surface  of  the  water,  let  hx  be  the  depth  in  feet  of  the 
top  of  the  weir  below  the  surface  of  the  water,  and  h  the 
depth  in  feet  of  the  bottom  of  the  weir  below  the  surface  of 
the  water.     The  actual  discharge  Qa  in  cubic  feet  per  second  is 

Qa  =  Alb\^i{^l?-\nir*).  (44.)     Art.  1022. 


FLOW  OF  WATER  IX  PIPES. 


THE  MEAN  VELOCITY  OF  DISCHARGE. 

For  straight  cylindrical  pipes  of  uniform  diameter: 

Let  vm  =  mean  velocity  of  discharge  in  feet  per  second; 
h    =  total  head  in  feet  =  the  vertical  distance  between 

the  level  of  the  water  in  the  reservoir  and  the 

point  of  discharge ;        , 
/    =  length  of  pipe  in  feet ; 
d    =  diameter  of  pipe  in  inches; 
f    =  coefficient  of  friction. 


V 


Then,  vm  =  2, 315  \  (45.)     Art.  1 024. 

When  the  pipe  is  very  long,  compared  with  the  diameter, 
the  following  formula  may  be  used: 

vm  =  2,315  Yjj.  (46-)     Art-  1027. 


THE  ACTUAL  HEAD. 

The  actual  head  necessary  to  produce  a  certain  velocity 
vm  may  be  calculated  by  the  formula 

h  =  ^f  +  -0233  v\.  (47.)     Art.  1029. 


THE  QUANTITY  DISCHARGED  FROM  PIPES. 

Let    d=  the    diameter  of    the   pipe   in    inches,  then   the 
discharge  Q  in  gallons  per  second  is 

Q  =  .0iWdivm.  (48.)     Art.  1030. 
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If  the  diameter  of  the  pipe  and  the  discharge  are  known, 
the  mean  velocity  vm  is 

24.51  Q 


Vm  = 


(49.)     Art.  1031. 


If  the  head,  the  length  of  the  pipe,  and  the  diameter  of 
the  pipe  are  given,  to  find  the  discharge  use  the  formula 

Q=.0VU5da\/ f/lij-  (5°-)     Art.  1032.      ■ 

To  find  the  value  of  /,  calculate  vm  by  formula  46,  assu- 
ming that  f=  .025,  and  get  the  final  value  of  f  from  the 
following  table.     Art.  1033. 


Vm  = 

O.  I 

0.2 

°-3 

0.4 

0.5 

0.6 

f  = 

.0686 

.0527 

•0457 

.0415 

•0387 

•0365 

vm  = 

0.7 

O.8 

0.9 

1 

li 

4 

f  = 

•0349 

•O336 

•°325 

•03i5 

.0297 

.0284 

2 

3 

4 

6 

8 

12 

/  = 

.O265 

.0243 

.0230 

.0214 

.0205 

.0193 

Note. — The  values  given  in  the  above  table  are  calculated  by  the 
formula/  =  .014392  +    0171^6  . 

TO  CALCULATE  THE  DIAMETER  OF  A  PIPE. 

Neglecting  the  fraction  £  d  in  formula  50,  and  solving 
for  d,  

d=  2.57/46: 

Assuming   that  /=.025,    for   a   trial   value,    the   above 
equation  then  becomes 

h  ' 


d=  1.229 


(51.)     Art.  1035. 
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Formula  50  may  also  be  written 
J=%MJflZD-id)&.  (52.)     Art.  1035. 

By  aid  of  formulas  51  and  52,  the  diameter  of  a  pipe 
may  be  approximated  as  follows: 

Rule. — Find  the  value  of  d  by  formula  SI;  substitute 
this  value  in  formula  49,  and  find  the  value  of  vm.  Then 
find  from  the  table  the  value  of  f  corresponding  to  this  value 
of  vm.  Substitute  the  values  of  d  and  f  just  found  in  the 
right-hand  member  of  formula  52 ',  and  solve  for  d;  the  result 
will  be  the  diameter  of  the  pipe,  nearly  enough  for  all  practical 
purposes.  

FORMULAS    USED    IN    PNEUMATICS. 


PRESSURE,    VOLUME,     DENSITY,    AND     WEIGHT     OF    AIR 
WHEN   THE  TEMPERATURE  IS  CONSTANT  : 

Mariotte's  Law. —  The  temperature  remaining  the  same, 
the  volume  of  a  given  quantity  of  gas  varies  inversely  as  the 
pressure. 

Let  p  =  pressure  for  one  position  of  the  piston ; 

P1  =  pressure  for  any  other  position  of  the  piston; 
v  —  volume  corresponding  to  the  pressure/; 
vx  =  volume  corresponding  to  the  pressure  px. 

Then,  pv=px  vx.     (53.)     Art.  1049. 

Let  D  be  the  density  corresponding  to  the  pressure  /  and 
volume  v,  and  Dx  be  the  density  corresponding  to  the 
pressure  px  and  volume  vx ;  then, 

p  :D  =pi:  Dx,  orp  Dx  =  /,  D,      (54.)     Art.  1052. 

andv.Di=v1:D,orvD=v1D1.       (55.)     Art.  1052. 

Thus,  let  IV  be  the  weight  of  a  cubic  foot  of  air  or  other  gas, 
whose  volume  is  v,  and  pressure  is"/;  let  Wl  be  the  weight 
of  a  cubic  foot  when  the  volume  is  vx,  and  pressure  is  /,; 
then, 

p  IF,  =px  W.      (56.)     Art.  1052. 

v  W  =vx  Wx.     (57.)     Art.  1052. 
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PRESSURE  AND  VOLUME  OF  A  GAS  WITH  VARIABLE 
TEMPERATURE : 

Gay-Lussac's  Law. — If  the  pressure  remains  constant. 
every  increase  of  temperature  of  1°  F.  produces  in  a  given 
quantity  of  gas  an  expansion  of T\~s  of  its  volume  at  32°  F. 

If  the  pressure  remains  constant  it  will  also  be  found  that 
every  decrease  of  temperature  of  1°  F.  will  cause  a  decrease 
of  fa  of  the  volume  at  32°  F. 

Let  v  =  original  volume  of  gas; 
Vt  =  final  volume  of  gas; 
/  =  temperature  corresponding  to  volume  v; 
/,  =  temperature  corresponding  to  volume  vt. 

Then'  '' = '' (i^+71)-         (58'}    Art  1054' 

That  is,  the  volume  of  gas  after  heating  (or  cooling)  equals 
the  original  volume  multiplied  by  ^60  plus  the  final  tempera- 
ture divided  by  Jf60  plus  the  original  temperature. 

hetp  =  the  original  tension; 

/   =  the  corresponding  temperature; 
/,  =  final  tension ; 
/,  =  final  temperature. 

Then,  A=/(*«>i^.  (59.)     Art.  1055. 

Let    /  =  pressure  in  pounds  per  square  inch ; 
V '=  volume  of  air  in  cubic  feet; 
T=  absolute  temperature; 
IV  =  weight  in  pounds. 

Then,  p  V=  .37052  T.     (60.)     Art.  1056. 

If  the  weight  of  the  air  be  greater  or  less  than  1  pound, 
the  following  formula  must  be  used : 

/  V-  .37052  W  T.     (61.)     Art.  1057. 
Let  pt%   Vt,  and    Tx  represent  the  pressure,  volume,  and 
temperature  of  the  same  weight  of  air  in  another  state; 
then, 

2JL-LjX.         (62.)     Art.  1058. 
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MIXTURE    OF    TWO    GASES    HAVING   UNEQUAL   VOLUMES 
AND   PRESSURES. 

Let  v  and  p  be  the  volume  and  pressure,  respectively,  of 
one  of  the  gases. 

Let  vt  and  />,  be  the  volume  and  pressure,  respectively,  of 
the  other  gas. 

Let  V  and  P  be  the  volume  and  pressure,  respectively,  of 
the  mixture.     Then,  if  the  temperature  remains  the  same, 

VP=vp  +  vipi.     (63.)     Art.  1062. 


MIXTURE  OF  TWO    VOLUMES  OF  AIR    HAVING    UNEQUAL 
PRESSURES,  VOLUMES,  AND  TEMPERATURES. 

If  a  body  of  air  having  a  temperature  txi  a  pressure/,,  and 
a  volume  vv  be  mixed  with  another  volume  of  air  having  a 
temperature  /a,  a  pressure />a,  and  a  volume  vv  to  form  a 
volume  V  having  a  pressure  P,  and  a  temperature  /,  then, 
either  the  new  temperature  /,  the  new  volume  V,  or  the  new 
pressure  P  may  be  found,  if  the  other  two  quantities  are 
known,  by  the  following  formula,  in  which  Tlt  Tv  and  T 
are  the  absolute  temperatures  corresponding  to  /„  /a,  and  t\ 

PV=[&p-+2&]T,       (64.)     Art.  1063. 


FORMULAS    USED    IN    STRENGTH    OF 
MATERIALS. 


UNIT   STRESS,   UNIT   STRAIN,   AND   COEFFICIENT   OF 
ELASTICITY. 

Let  P=  the  total  stress  in  pounds; 

A  =  area  of  cross-section  in  square  inches; 

5  =  unit  stress  in  pounds  per  square  inch  ; 

/  =  length  of  body  in  inches; 

e  =  elongation  in  inches; 

s  =  unit  strain ; 

E  =  coefficient  of  elasticity. 

P 
S  = -j,  or P=  AS.  (65.)     Art.  1103. 
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S  =  j,  or  e  =  / s.          (66.)  Art.  1 1 04. 

£        P        e        PI 

£=-  =  ^--4-4  =  V-  (67.)     Art    lllO. 

s       A        I       A  e  ' 


STRENGTH   OF   PIPES   AND  CYLINDERS 

Let  d  —  inside  diameter  of  pipe  in  inches; 
/  =  length  of  pipe  in  inches; 
/  =  pressure  in  pounds  per  square  inch ; 
P  =  total  pressure;  then,  P—p  Id; 
t  =  thickness  of  pipe; 
5  =  working  strength  of  the  material. 

For  longitudinal  rupture 
p  I  d-—%  1 1  S,  or 
pd-%t  S.  (68.)     Art.  1 1 23. 

For  transverse  rupture 

pd=\tS.  (69.)     Art.  1124. 

Since,  for  longitudinal  rupture,  p  d  =  2  t  S,  it  is  seen  that 
a  cylinder  is  twice  as  strong  against  transverse  rupture  as 
against  longitudinal  rupture. 

For  pipes  and  cylinders  whose  thickness  is  greater  than 
-^  of  the  radius,  use  the  following  formula,  in  which 
r  =  the  inner  radius,  and  the  other  letters  have  the  same 
meaning  as  before. 

p  =  -    *—.  (70.)     Art.  1125. 

r  -\-  t  ' 

The  following  formula  gives  the  collapsing  pressure  in  11) 
per  sq.  in.  for  wrought-iron  pipe: 

p  =  9,  GOO,  000^-.  (71.)     Art.  1126. 


MOMENT  OF  INERTIA,  RESISTING  MOMENT,  ANI>   BENDING 
MOMENT   OF   BEAMS. 


Let  /  =  moment  of  inertia; 
A  =  area  of  cross-section; 
r  =  radius  of  gyration; 


90  TABLES   AND    FORMULAS. 

_c  =  distance  from  neutral  axis  to  outermost  fiber; 
St  —  ultimate  strength  of  flexure; 
f  =  factor  of  safety ; 
M  —  bending  moment. 

I=Ar\  (72.)     Art.  1154. 

The  resisting  moment  is  given  by  the  expression 

SSI 
—  A  r*  =  -f,  orS-. 
c  c  c 

For  the  bending  moment 

M=St-,  (73.)     Art.  1156. 

and,  when  a  factor  of  safety  is  used, 

M=^.  (74.)     Art.  1159. 

fc 


DEFLECTION   OF  A   BEAM. 

Let  a  =  a  constant  depending  on  the  manner  of  loading 
the  beam  and  the  condition  of  the  ends; 
s  =  the  deflection ; 
E  =  the  coefficient  of  elasticity ; 
/  =  the  length  of  the  beam  in  inches; 
W=  the  total  weight  supported  in  pounds; 
/  =  moment  of  inertia  about  the  neutral  axis. 

s=a^^.  (75.)     Art.  1162. 


STRENGTH   OF  COLUMNS. 

Let    IV  =  load  on  a  column; 

S,  =  ultimate  strength  for  compression; 

A  =  area  of  section  of  column ; 

f  =  factor  of  safety ; 

/  =  length  of  column  in  inches; 

g  =  a  constant  to  be  taken  from  table ; 

/  =  least  moment  of  inertia  of  cross-section ; 

b  =  length  of  longer  side  of  a  rectangular  column , 
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d  =  length  of  shorter  side  of  a  rectangular  column, 

or  the  diameter  of  a  circular  column ; 
c  =  length  of  one  side  of  a  square  column. 

U'=      ,S*A*,^.  (76.)     Art.  1169. 


'('+#•)' 


For  a  circular  column, 

(78.)     Art.  1171. 
For  a  rectangular  column,  assume  d,  then, 

b  = ^ aZ.  (79.)     Art.  1171. 

STRENGTH   OF  SHAFTS. 

Let  d  =  diameter  of  a  round  shaft,  or  side  of  a  square 

shaft,  in  inches; 

c  =  a  constant  (see  table  of  Constants  for  Shafting) ; 

cx  =  a  constant  (see  table  of  Constants  for  Shafting) ; 

P=a.   force  applied  at    the  end  of   a    lever  arm  in 

pounds; 
r  =  length  of  lever  arm  in  inches; 
Jf=  horsepower  transmitted  by  shaft; 
N =  number  of  revolutions  per  minute; 
k  —  a  constant  (see  table  of  Constants  for  Shafting) 
kx  =  a  constant  (see  table  of  Constants  for  Shafting) 
q  =  a  constant  (see  table  of  Constants  for  Shafting) 
g,  =  a.  constant  (see  table  of  Constants  for  Shafting). 

For  all  solid  shafts  below  11  inches  in  diameter  use  the 
formula 

d  =  c  {/ TV  =  cx  \/ljL.  (80.)     Art.  1 1 73. 
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If  the  diameter  of  a  wrought-iron  shaft  is  greater  than 
12.4',  of  a  cast-iron  shaft  greater  than  10.3",  or  of  a  steel 
shaft  greater  than  13.0",  use  the  following  formula: 

d=k$Tpr?  =  kxV/tL.  (81.)     Art.  1174. 

For  a  hollow  (round)  shaft  use  formula  82  or  83. 
P=q(^Z^\  (82.)     Art.  1174. 

H=qxN^*~d\  (83.)     Art.  1174. 


or 


CONSTANTS    FOR    SHAFTING. 


VALUES  OF  c  AND  c,  TO  BE  USED  IN  FORMULA  80. 


Material. 

c 

Ci 

Round. 

Square. 

Round. 

Square. 

Wrought  Iron.    

Cast  Iron 

.310 

•353 
.297 

.  272 

•3°9 
.  260 

4.92 

5-59 
4.70 

4-3* 
4.89 
4. 11 

Steel 

VALUES  OF  k,  k„  q,   AND  «,  TO  BE  USED  IN  FORMULAS 
81,  82,  AND  83. 


Material. 

k 

k, 

9 

?> 

Cast  Iron 

.0909 

•1145 
.6828 

3.62 
4-56 
33° 

!,335 

669 

1,767 

.0212 
.0106 

Steel 

.0280 

STRENGTH  OF  ROPES  AND  CHAINS. 

Let  P  =  working  or  safe  load  in  pounds; 
C=  circumference  of  rope  in  inches; 
d=  diameter  of  the  link  of  a  chain  in  inches. 


TABLES   AND    FORMULAS.  93 

For  manila  ropes,  hemp  ropes,  or  tarred  hemp  ropes, 
P=100C\  (84.)     Art.  1175. 

For  iron  wire  rope  of  7  strands,  19  wires  to  the  strand, 
P=600C\  (85.)     Art.   1176. 

For  the  best  steel  wire  rope,  7  strands,  19  wires  to  the 
strand, 

P  =  1,000  C\  (86.)     Art.  1176. 

For  open-link  chains  made  from  a  good  quality  of  wrought 
iron, 

P=  12,000  d\  (87.)     Art.  1179. 

and  for  stud-link  chains, 

P=  18,000  d\  (88.)     Art.  1179. 


FORMULAS     USED     IN     SURVEYING. 


RADIUS  OF  A  CURVE. 

To  find  the  radius,  the  degree  being  given: 
Let  R  =  the  length  of  the  required  radius; 

D=  the  deflection  angle  equal  to  one-half  the  degree 
of  the  given  curve. 

R  =  -.  -^v  (89.)     Art.  1249. 

sin  D  ' 


LENGTH   OF   SUB-CHORDS. 

For  curves  of  short  radii: 

Let  C  =  the  length  of  the  required  chord; 

R  =  the  radius  of  the  given  curve; 

D  —  the  deflection  angle  of  the  given  curve,  equal  to 
one-half  its  degree. 

C  =  2  R  sin  D.  (90.)     Art.  1 250. 


LENGTH    OF  THE  TANGENT   OF   A   CURVE. 

When  the  radius  and  intersection  angle  are  given: 
Let  T=  the  length  of  the  required  tangent; 

R  =  the  radius  of  the  given  curve; 

/  =  the  intersection  angle  of  the  given  curve. 

T=RtaniI.  (91.)     Art.  1251. 
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CHORD   DEFLECTION. 

When  the  length  of  the  chord  and  the  radius  are  given: 
Let  d  =  the  required  chord  deflection ; 

c  =  the  length  of  the  chord  of  the  given  curve; 

R  =  the  radius  of  the  given  curve. 

d=C-£.  (92.)     Art.  1255. 


TANGENT    DEFLECTION. 

When  the  length  of  the  tangent,  or  of  its  corresponding 
chord,  and  the  radius  are  given: 

Let  c  =  the  length  of  the  tangent  or  corresponding  chord ; 
R  =  the  radius  of  the  given  curve. 

tangent  deflection  =  —-&.  (93.)     Art.  1255. 

Or,  find  the  chord  deflection  as  in  the  preceding  formula 
and  divide  it  by  %.  The  quotient  is  the  required  tangent 
deflection. 

STADIA   MEASUREMENTS. 

To  find  the  horizontal  distance  between  two  given  points, 
the  distance  between  them  having  been  read  with  the  stadia 
and  the  vertical  angle  taken: 

Let  D  =  the  corrected  or  horizontal  distance; 
c   =  the  constant; 
a  k  =  the  stadia  distance ; 
;/  =  the  vertical  angle. 

D  —  c  cos  n  +  akcos?n.  (94.)     Art.  1301. 

To  find  the  difference  of  elevation  between  two  given 
points  in  stadia  work: 

Let   E  =  the  required  difference  in  elevation ; 
c    =  the  constant; 
a  k  —  the  stadia  distance ; 
;/   =  the  vertical  angle. 

E  =  csmn  +  al'SmJl".  (95.)     Art.  1301. 
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BAROMETRICAL   LEVELIX(i. 

To  find  the  difference  of  elevation  between  two  point? 
with  the  aneroid  barometer: 

Let  Z '  =  the  difference  of  elevation  between  the  two  given 
stations; 
h  —  the  reading  in  inches  of  the  barometer  at   the 

lower  station ; 
//=the  reading  in  inches  of  the  barometer  at    the 
higher  station; 
/  and  /'  =  the  temperature  (F. )  of  the  air  at  the  two  stations. 

Z=  (log  h  -  log  H)  x  G0>384.3(l  +  -+/9~64°). 

(96.)     Art.  1304. 
FORMULAS    USED    IN    MAPPING. 

To  find  the  latitude  and  departure: 
Latitude  =  distance  x  cos  bearing.  (97.)     Art.  1356. 

Departure  =  distance  X  sin  bearing.        (98.)     Art.  1356. 


FORMULAS  USED   IX    RAILROAD   LOCATION. 


CHANGING   THE   POINT   OF   COMPOUND  CURVATURE. 

To  change  the  point  of  compound  curvature  (the  P.  C.  C.) 

so  that  the  second  curve  shall  terminate  in  a  tangent  parallel 

to  a  given  tangent  and  at  a  given  distance  from  it: 

Let  R  —  the  longer  radius; 

r  =  the  shorter  radius; 

D  —  the  distance  between  the  parallel  tangents; 

x  =  the  given  angle  of  the  second  curve; 

y  =  the  required  angle  of  the  second  curve. 

Case  I. — When  the  second  curve  is  of  shorter  radius  than 

the  first  curve  and  the  required  tangent  lies  without  the 

given  tangent, 

(ft  —  r)  cos  x  4- D  ,__  .       .        m  .__ 

cosj  =  ^       R-r       ~  *  ("')  1423. 

When  the  required  tangent  lies  within  the  given  tangent, 
cosj  =  i-        ]R_r        -.  (lOO.)     Art.  1423. 
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Case  II. — When  the  second  curve  is  of  longer  radius  than 
the  first  curve,  and  the  required   tangent  lies  without  the. 
given  tangent, 

(^  —  r)  cos  x  —  D  ..  w_  .       .         .   .  _  . 

coBjr  =  * R-r »  (lOO.)     Art.  1424. 

and    when    the    required    tangent    lies    within    the    given 
tangent, 

cosj  =  -!—       ^>_r    ^     .  (99.)     Art.  1424. 

VERTICAL  CURVES. 

To  find  the  value  of  the  constant  a,  in  determining  the 
grades  for  a  vertical  curve: 

Let   a  =  the  required  constant; 
g  and  g'  =  the  grades  of  the  two  grade  lines  to  be  united 
by  a  vertical  curve; 
n  =  the  number  of  stations  on  the  vertical  curve. 

a-  g~g  (lOl.)     Art.  1440. 


FORMULAS  USED  IN  RAILROAD  CONSTRUCTION. 


CULVERT  OPENINGS. 

To  find  the  area  in  square  feet  of  an  opening  which  will 
discharge  the  surface  water  from  a  given  area  having  a 
given  slope: 

Let  A  =  the  area  of  the  required  opening; 
c  =  the  coefficient  of  slope; 
M=  the  given  drainage  area. 

A=c\TM.  (102.)     Art.  1461. 


DEPTH   OF   KEYSTONES. 

To  find  the  depth  of  keystone  in  feet,  the  radius  which 
will  touch  the  arch  at  springs  and  crown,  and  the  span 
being  given:  

Depth  of  keystone  in  feet  =  rr<r  ws  +  $span  +  Q  ^  ^ 

(103.)     Art.  1469. 
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Rankine's  formula, 
Depth  of  keystone  in  feet  =  |/.12  rat/ins. 

(104.)     Art    1469. 

ARCH   ABUTMENTS. 

To  find  the  thickness  of  an  arch  abutment  at  spring  line 
in  feet,  when  the  height  of  the  abutment  does  not  exceed 
one  and  one-half  times  its  base: 

Thickness  of  abut-  ~\ 
vient  at  spring  line,      _  radius  in  feet       rise  in  feet 
in  feet,  when  height  j.  ""  5  "   '  \q       "  •  *Jei  • 

does  not  exeeed  1^  (105.)     Art.  1470. 

times  the  base 


PRESSURE  AGAINST    RETAINING   WALLS. 

To  find  the  perpendicular  pressure  against  a  retaining 
wall  caused  by  the  backfilling,  the  prism  of  maximum  pres- 
sure, the  height  of  the  prism,  and  the  height  of  the  wall 
being  given: 

Let    n  P  =  the  perpendicular  pressure ; 

bdf  =  the  prism  of  maximum  pressure; 
of  =  the  height  of  the  prism; 
od  —  the  vertical  height  of  the  retaining  wall. 

p=tvcigAt0/tJ/x*f  {  )    Art.  1486. 

od  v  ' 

To  find  the  approximate  theoretical  pressure  due  to  the 
pressure  and  friction  of  the  backing  against  a  retaining 
wall,  the  prism  of  maximum  pressure,  the  height  of  the 
prism,  and  the  height  of  the  wall  being  given: 

Let   h  P  =  the  approximate  theoretical  pressure; 
bdf  =  the  prism  of  maximum  pressure; 
of  =  the  height  of  the  prism; 
od  =  the  vertical  height  of  the  retaining  wall. 

Also. 

// P=  weight  of  bdfx  .043.  (108.)     Art.  1487. 
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LOAD   ON   PILES. 

To  tind  the  safe  load  in  tons  which  a  pile  will  bear,  the 
weight  of  the  hammer  in  tons,  the  height  of  the  fall  of  the 
hammer  in  feet,  and  the  penetration  of  the  pile  in  inches 
under  the  last  blow  being  given;  the  head  of  the  pile  in 
good  condition,  not  split  or  broomed: 

Let  L  =  the  safe  load  in  tons; 

i»  =  the  weight  of  the  hammer  in  tons; 
//  =  the  heightof  the  fall  of  hammer  in  feet; 
S  =  the  penetration  under  last  blow,  assumed   to  be 
sensible  and  fairly  uniform. 

Z  =  |~|.  (109.)     Art.  1572. 


VOLUME  OF  A  PRISMOID. 

Let  A  =  the  area  in  square  feet  of  one  section; 

B  =  the  area  in  square  feet  of  the  next  section; 

C  =  the  perpendicular  distance  in  feet  between  the 

sections; 
D  =  the  total  number  of  cubic  feet  in  the  prismoid 

lying  between  these  sections. 

A  -\-  B 
Then,  by  common  practice,  D  =' — ^ —  X  C. 

(HO.)     Art.  1588. 


THE  PRISMOIDAL   FORMULA. 

Let    A  =  one  of  the  end  sections; 
B  —  the  other  end  section ; 
M  =  the  average  or  mean  of  these  sections ; 
L   =  the    perpendicular  distance    between    the    end 

sections; 
5  =  the  required  contents. 

S=j(A+4M+B).  (111.)     Art.    1589. 
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FORMULAS    USED    IN    TRACK   WORK. 


M  ll)l)i   I     ORDINATE**. 

To  find  the  middle  ordinate  for  curving  rails,  the  length 
of  the  rail  and  the  radius  of  the  curve  being  given: 
Let  m  =  the  required  ordinate  in  feet ; 
c  =  the  length  of  the  rail  in  feet; 
R  =  the  radius  of  the  curve  in  feet. 

m  =  ^R-  <112«)     Art-    1665. 


ELEVATION   OF   OUTER    RAIL. 

To  find  the  proper  elevation  for  the  outer  rail  of  a  curve, 
the  velocity  of  the  train  in  miles  per  hour  being  given : 
Let  V  =  the  velocity  of  the  train  in  miles  per  hour; 

c  =  the  length  of  the  chord  whose  middle  ordinate 
will  equal  the  required  elevation. 

c  =  1.587  V.  (113.)     Art.  1670. 


TURNOUTS. 

To  find  the  parts  of  a  turnout  from  straight  or  curved 
main  track: 

Tangent  of  half  frog  angle  =  gauge  -f-  frog  distance. 
(114.)     Art.  1692. 

Frog  number  =  ^radius  of  turnout  -r-  twice  the  gauge. 
(115.)     Art.  1692. 

Frog  number  =  half  the  cotangent  of  half  the  frog  angle. 
(116.)     Art.  1692. 

Radius  of  turnout  curve  =  twice  the  gauge  X  square  of  the 
frog  number.  (117.)     Art.  1692. 

Radius  of  turnout  curve—  {frog  distance  -f-  sine  of  frog 
angle)  -  ±  the  gauge.  (118.)     Art.  1 692. 

Radius  of  turnout  curve  =  gauge  -r-  (1  —  cosine  of  frog 
angle)  -  £  the  gauge.         (119.)     Art.  1 692. 

Frog  distance  =frog  number  x  twice  the  gauge.  ( 1  20.) 
Art.  1692. 
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Frog  distance  =  gauge  -*■  tangent  of  half  the  frog  angle. 
(121.)     Art.  1692. 

Frog  distance  =  (radius  of  turnout  curve  -f-  half  the  gauge) 
X  sine  of  frog  angle.  (122.)     Art.  1692. 

Middle  ordinate  {approximate)  =  \  the  gauge. 

(123.)     Art    1692. 

Each  side   ordinate    (approximate)  —  £   the   middle   ordi- 
nate =  T\  (or  .  188)  of  the  gauge.  ( 1 24. )     Ar t .  1 69  2 . 

Switch  length  (approximate)  = 


/ 


throzv  in  feet  X  10,000 


tan  defection  for  chords  of  100  ft.  for  radius  of  turnout  curve' 

(125.)     Art.  1692. 


FORMULAS  USED   IN   RAILROAD    STRUCTURES. 


BOARD    MEASURE. 

To  find  the  number  of  feet  in  a  piece  of  timber: 

Let  b  =  the  breadth  of  the  piece  in  inches; 
/  =  the  thickness  in  inches; 
L  =  the  length  in  feet. 

b  x  tx  L 


The  number  of  feet  B.  M.  = 


(126.)  Art.  1784. 


CROSS-BREAKING   STRENGTH  OF   TIMBER. 

To  find  the  center  cross-breaking  load  of  a  piece  of  timber, 
its  breadth  in  inches,  depth  in  inches,  and  length  in  feet 
being  given : 

Find  from  a  table  of  constants  for  cross-breaking  center 
loads,  the  constant  for  the  kind  of  timber  given ;  then, 

breadth  in      square  of  depth 

Center  break  inches  in  inches 

.      ,      = -. -j- — ^— x  constant. 

ing  load  length  inject 

(127.)     Art.  1800. 
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STWENGTH  OF  TIMBER   PILLARS. 

To  find  the  breaking  load  in  pounds  of  a  pillar  of  white  or 
yellow  pine,  the  dimensions  of  the  cross-section  in  inches 
and  length  in  feet  being  given: 

Call  the  side  of  the  square,  or  the  least  dimension  of  the 
rectangle,  the  breadth,  and  find  the  length  of  the  pillar  in 
inches;  then, 

Breaking  load  in  pounds  per  square  inch  of  area  of  pillar  == 

5,000 

1  _i_  (  square  of  length  in  inches    ~         \  ' 
\square  of  breadth  in  inches  ) 

(128.)       Art.  1808. 
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